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LEGAL DISCLAIMER

This report was prepared as an account of work spansored by
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| CHAPTER I, INTRODUCTION

A. PURPOSE, SCOPE, AND ARRANGEMENT OF MANUAL

1, Purpose and chge

- Tbe.Uranium, Recovery Technical Manual has been prepared to provide

a docuwnentation of the fundamental technical bases and general features
of uranium recovery.facilities.(including wranium removal facilities,

the TBP Plant,.and.the .UO3.Flant} at Hanford Works, The manual is
intended for use as .z means for training and sducating personnel unfemile
iar with the processes and as a reference handbook for the use of

vl

personnel .responsible for the -operation.of the plant.

. The material contained in this -manual was assembled by Chemical
Development, .Ssparations -Technology Unit, between December 1950 and
Oetober 1951, 1 vvrcive o, e e , ,

EIRL R LR A

...... R T P

2 Arrﬂganent

[T .“.Ba':t»- e ’ [ ' Titla
I ‘ Introduction
1T Process
N L IIT o Plant end Bquipment
Iv Process Control
R Safety

. Part I contaim ‘a summary of general information about the plant and |
proceas, and is designed to provide the reader with a synoptic view as an
ald in uanderstanding the subsaquent parts,

" Part II contains. a step~by-step description of the processes with
Statemants and discussions of the scientific and engineering principles
involved, and outlinss. of procedurc, including remediecs for any offe
standard conditions,

Part. III desecribes. the plant layout, equipment srrangement, and individe
ual equipment pieces,

Part IV describes the. instruments and analytical methods used for
process control,

~ Part. V describes. process heszards and: the methods- used: to safeguard
against them,

Each part contains one or more chapters, A total of twentyefour chape
ters isuin_cluc.iﬁd in the five parts, '

DECLASSIFIED -—
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Pages are numbercd to designate the chapter mmber (i.e., Chapter I
page numbers begin with-101, Chapter II with 201, etc,), A table of -
contents is listed on the first page of each chapter, Tables and figures
arc located at the end of each chapter, the tables preceding the figures,
The tables are numbered in one separate series for each chapter, as are
the figures (c.g., Table II=l, Table II-2, followed by Figure II.l,

§. Referendes to material containing more detailsd
information on specific points are listed at the end of chapters to which

.. they are pertinent, just before the tables and figures,

2 subject index; In alphabetical order, is included in the back of
the manual for quick reference to specific points, -

B. FUNCTION OF THE PLANT

1., General

. The function of -the Uraidum RécoveryLPlaht is:to-produce'a relam
tively pure uranium tricxide powdsr from the uranium irradiated in the
Hanford piles and processed, for plutonium recovery, through one of

- the Bismuth Phosphate: Plants or the Redox Plant,

The uranium from the Bismuth FPhosphate Plants is stored .in underw
ground tanks in the form of a waniumebearing waste, consisting of -
Sludge and supernatant liquor which contain a large fraction of the
radioactive fission products and traces of the plutonium formed in the
pilewirradiation of the uranium, Facilitics for removal of this
uranium waste from underground storage constitutc one of the three major
components of the plant, :

The second major camponent of the Uranium Recovery Plant is thc TBP
Plant, in which the uranium in the waste removed from underground
Storage is deconteminated from the fission products and residual pluto-
nium by a solventeextraction proccss, S _ : .

The third major cemponent of the Uranium Recovery Plant is the U053
Plant, in which uranyl nitrate solutions produced by the TBP and Redox
Plants, meeting the required purity and radicactivity specifications,
are converted to uranium trioxide (UO3) powder by caleination.

2, Design Production Capacity and Yield

2,1 Uranium removal facilitics and TBP Plant

The uranium removal facilities and the TBP Plant are designed to
process the approximately 5900 short tons of uranium in underground
storage (as of January 1, 1952) at an average rate of 8 short tons/day.
The maximum instantaneous production rate used as the design basis is
based on an assumed 80% operating time efficiency, i.e., 20% down time
for repairs, maintenance, ste., Thus the maximum instantaneous design
production capacity is 10 short tons of uranium per day, The removal

e DECLSSFED
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facilities and the TEP Plant are designed to recover at least 95% of the
uranium in underground storage. The estimated wranium loss in the TBP
Plant iaéone, at a 10mton/day instantaneous uranium prccessing rate, is
gbout 1%, . P

. Uranium removal and processing thyough the TBP FPlant at inatantaneous
rates as low as 2,5 tons/day is feasible (with only one of two parallel
1B7wPlant processing lines operating). Oporation at rates exceeding the
meximum instantaneous design production capacity is also feasible, with the
gacrifice of a few per cent more uranium loss in the waste streams, The
estimated TBPwPlant uranium loss at 12 tons/day (instentancous rate) is
sbout ? to 3%, as corpared with dbout 1% at 10 tgns/day.

2.2 Uoz Plant

The U03 Plant is designed for an average production rate of up to 10,5
short tona of uranium per day = 8 tons/day from the TBP Flant and 1 to 2.5
tons/dey from the Redox Plant e with an estimated yield of over 99%, The
maximum. instantancous production rate used as the design basis is based
on an-assumed 80% operating time efficiency, the same as for the reet of
the Uramium Recovery Plant, Thus the maximum instontancous design produce
tion capacity is 13...25 short tons of uraniuwm por day, The U03 Plant may
be opsrated.at any ;:oduction rate below full capacity. The extent to
which the production rate may be increased sbove the meximum instantansous
design capascity is subject to technical considerations discussed in Chapter
VIII and cannot be relisbly estimated at the time of this writing,

3.  Feed Mgterial.

The feed to the Uranium Recovery Plant consists of uraalwm wastes
from the Bismuth FPhosphate Plants and the uranium product of the Redox
Flant,

3.1 Uranium wastes from Bimuth?hggﬂzate Plants

The Bismuth Phosphate Plants have been used since starteup of Hanford
Works in 1Lk for recovering plutonium from uranium slugs irradisted in the
Hanford piles. The uranium accampanied by the bulk of the radioactive
fission products is discharged from the Bismuth Phosphate Plants in a
slightly alkaline metastable waste solution (with a pH of sbout 10.5),
composed of the following ingredients in the sppreximate proportions
indicated:

1

Constituent ' Lby/Short Ton U
UNH be20
HNO ‘ 170 to 210
Hgsgh 700 to 810
H3PO), : 730 to 1110
NBNO3. o 130 to 210
NaOH 1560 to 160V
N52C03 3960 to LO6O
Hz0 - about 27,000 to 28,000

-4+ DECLASSIFIED -
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The waste volume associated with 1 ton of uranium is about LOOO gal,
Tﬁé“£££;$téﬁié ;ééfe solution is stored in thdergrouhd ﬁanks, where
3011dS e mainly complex Sodium uranyl phosphocarbonztes «= separate and
settle down, forming a sludge, About 75% of the uranium is contained in
the sludge and the remaining 25% in the supernatant liquor. The feed to

‘the Uranium Recovery Plant comprises both the sludge and the supernate,

The fissioneproduct radiocactivity associated with the uranium is a
function of ‘the irradiation history of the parent slugs and of the time
elapsed since irradiation., The ranges of radioactivities involved are
approximately as follows: -

Fission«Product
Redioactivity
Irradiation (Theoreticals
Age, Level, Curies/G, U
Years Mw,.=-Days/Ton et amma, Remarks .
7 - 200 2.,8x10~3 6x10=l Oldest, least radicactiv
' , waste available, '
2 . 200 ' 1.2x102 - 3,9x10°3} This is approximately the
2 “hoo 1,9x10=2 6.5x10"3 } most highly —adioactive

feed that can be successe
fully decontaminated from
fission products in the
TBP Plant to meet specifi-
cations for recovered
uranium,

The plutonium content of the uranium wastes is about 2 to L grams
per ton of wuranium, -

For more detailed information on the nature and composition of the
uranium wastes the reader is referrcd to Chapter II,

3.2 Uranium product of the Redox Plant

The uranium product of the Redoex Plant, as received for processing in
the U03 Plant, is an aqueous solution of approximotely 60 weight per
cent UNH (uranyl nitrate hexshydrate), This UMH solution is sufficiently
free of both radiocactive and nonersdicactive contaminants to require no

purification before concentration and ealcination, A typical analysis

DECLASSIFIED W




Constituent Appromﬁéte:Concentration

Beta-'ad._tting fission prod'ucts_ . Less than _10-‘-'7 (theoretical)
: ' v - . curies/g, U (30% of natural -
' g _ uranium beta) -
Ganns-mitting ﬁ.asim pnm " Less than 5 x 10=8 (theoretical)
curies/g. U (300% of natural

- T .a v uranium gamma)
cA Pae o owx in o .10 parts/billion parts v
TIPS HNO} TGS T 10,000 p,p,m.* _
Na _ 1,000 p.p.m.
Al . . 1,000 Popomt
Fe ' _ 1,000 p.p.m.*

*jﬁasedonﬂ.. J L S
'h. Uranium Product (ucrL L )

o

e H‘u ek '.a

me moc!ﬁct“ﬁ'nm the W07 ;rocesm is d.t'y',. pawdered wranium trioxide
LDB}). Product qualily stions gre not available: at this writing,
The e:p'ectad ‘compésition and properties of the recovered uranium tri-
ax:me ard ‘appraximately as follows (based on uranium frem the Redox and
mmm;mm [the ratio of 2.5 tons to 8 tons):

BT L N 1
i

-

.‘

Concentration or Value

8 x 107 (theoretical) curies/g.
U (2% of natursl uranium beta)
L x 10~ (theoretical) curies/g,
U (2L40% of patural uranium
gasma)
.Less than 100 p.p.
- 200 pepette

""5.4 100 p.p.m. each
- Less ‘than 0,1%
M: Ieast °T§5
-More ‘than 80% thrcmgh 80 mesh
‘3.5 tc h.O g./cu.mr -

-processes £ aemtimoi:plwboninmfmm the uranium and
radicactive mw with which it i3 aseociated in the
st -alu.gs - thia’ 100-dres. pile operations are used at ‘
ate process, which has been in operation
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1, Bismuth Phosphate (BiPO},) Process

The bismuth phosphate process separates only plutonium from the
pille-irradisted slugs. The uranium, still associated with the bulk .
of the fission products, is stored in underground tanks to await
Tecovery. :

The primary principle upon which this process is based is that

| plutonium in the IV valence state may be carrier-precipitated on a

BiPO), or LaF3 cake, while when in the VI valence state it remains in o '
the supernatant liquid when BiFQ}, or LaFy is precipitated from solution,

& brief description of the process is given below:

(8) The irradiated uranium slugs are dissolved in nitric acid,
(v) Pu(IV) is carrier.precipitaﬁed with BiPO) from the metal
solution, The uranium-bearing supernate is neutralized and
sent to underground storage tanks as the BiPQ), Process first -
extracﬁion cycle waste, The Pu~BiP0), cake is dissolved in HN03,

(c) The fissionwproduce radioactivity still associated with the
plutonium is further reduced by processing the plutonium
through two "decontamination cycles", Each e¢ycle consists
of two BiPO) precipitations; the first from a Pu(VI) solution
8o that the plutonium remains in solution, the second from a
Pu(IV) solution so that Pu is carried on the BiPO),

(d) The Pu from the last "decontamination cycle" product cake is
dissolved in HNO3 and oxidized to Pu(VI). BiPO), and LaFy, in
turn, are then precipitated to achieve additional decontaminge
tlon of the plutonium from fissioen products.

{e) The Pu is reduced to the (IV) valence state and carriere’
precipitated with LaF3, The LaF3.Pu cake, now decontaminated
from all but slight traces of the fission products, is
metathesized to the hydroxide with KOH and then dissolved in
HNO3 to obtain a product solution suitable for the final
isolation process,

A complete description of the bismuth %hgsphate process is contained
in Section C of the H.E,W, Technical Manual(l),

The neutralized supernate fyom the first BiPOh precipitation, which
contains the uranium and sbout 90% of the fission~product radiocactivity
from the irradiated slugs, is one of the feed materials to be processed
in the Uranium Recovery Plant.

2. BRedox Process

) The Redox process recovers both plutonium and uranium frem plle-
irradiated slugs, Redox is a solventeextraction process, employing an

swp  DECLASSIFIED _-;
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- immicible organic solvent, hexone {methyl iscbutyl ketone), as an extradtant
for both plutonium and uranium, The primary principles upon which this
process is based are: (a) uranyl nitrate and the nitrates of plutonium in
the .IV or VI valence state can be made to distribute preferentially from an
aqueous phase into hexone by the addition of a salting agent (aluminum
nitrate) to the aqueous phase and (b) plutonium in the III valence state and
the fission products always favor the aqueous phase, even when the aqueous
phase contains high concentrations of salting agents, . Co

A brief description of the Redox process is given belows

(a)

(b)

(e)

The irradiated uranium slugs are dissolved in HNO3, The metal

solution is then partially decontaminated from the fission products
Ru, Zr, and Nb by "headeend" .treatment procedures (oxidation of Ru
to the volatile oxide, RuO}, which is removed by sparging; and

- 8cavenging of the sclution with coformed MnO,, which carries Zr

ard Nb and s removed by centrifugation),.

The metal solution is separated into three aqueous streams in the
First SolventeExtraction Cycle, These streams contain respectively
essentially all the plutonium, essentislly all the uranium, and the
bulk of the fission products, The separation is effected as ‘
follows: U and Pu are extracted into hexone in the first extraction
contactor (IA Column) while the bulk of the fission products are
carried into the aquecus waste stream,  The hexone-phase effluent
from this column flows to a second cont:ctor (IB Column) where
plutonium is reduced to the III valence state and thus leaves in
the aqueous effluent while the uranium leaves in the hexone, The

uranium is then stripped into an aqueous stream (possible because

the aqueous phase contains no salting agent) in a third contactor
(IC Column), | . |

Both the uranium and plutonium streams from the First Solvent

 Extraction Cycle are then given their final decontamire tion treat-
ments in the Second and Third Uranium and Second and Third Plutonium

Solvent-Extraction Cycles, Each cycle contains an extraction
column for the separation of the U or Pu from fission products and
a stripping column to place the U or Pu back into an aqueous phase,

After passing through the third Redex solventwextraction cycles (or,
possibly, after the second cycles) the uranium solution is decontaminated
sufficiently to be fed directly to the U03 Plant and the plutonium solution
1s suitable as feed to 2 final isolation process.

Technical Manual(

"A complete dgicription of the Redox process mgy be found in the Redox

D, FRINCIFLES AND OUTLINE OF THE URANIUM RECOVERY PROCESS

The uranium recovery process is designed to rocover the uranium from
the uranium-bearing effluents of the Bismuth Phosphate and Redox Plants in
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a form suitable for shipment off-site, The uranium recovery process is
composed of three component processes: the removal of bismuth phosphate
process uranium wastes from underground storage, the decontamination of
the uranium from the plutonium and fission products with which it is
associated in this waste (TBP process), and the conversion of the decon
taminated uranium from the TBP and Redox processes to uranium trioxide
powder (UO3 process), In the following subsections the basic principles
of these processes are briefly explained and the steps which make up -
these processes are outlined, This section is intended only as an
introduction ta the uranium recovery process, more complete information
being contained in Part II (Chapters II through XII). :

1. Basic Principles
1.l Uranium removal from underggound storage

The uranium waste from the BiPO) process is removed from the under-’

ground storage tanks by sluicing the wraniumebearing precipitate with
its own supernatant liquid,

The uranium wastes from the BiPO) process are stored in a number
of underground cascade storage tanks, Each cascade contains 3, L, or
6 tanks, connected st the overflow points, in series. The neutraliza-
tion of this uranium waste to a slightly alkaline condition (pH about
10.5), to prevent corrosion of the mildesteelelined tanks, has resulted
in the precipitation of a sludge, which contains approximately 75% of
the uranium, mostly in the first tank of each cascade series, This
sludge is readily dissoclved in nitric acid, but, because of the rapid
corrosion rates of the steelwlined tanks when in contact with acidic

_Solutions, the sludge must be removed before acid dissolution. It is

expected that the sludge will be essentially all removed by gluicing
with recirculated supernatant liquid to form a2 pumpable slurry, an
operation similar to placer mining, An alternative method for sludge
removal is dissolution in water and/or solubilizing agents, such as
sodium bicarbonate, :

l.2 TBP Brocéss

The TBP process utilizes the preferential extractability of uranyl
nitrate by tributyl phosphate (TBP? to seperate uranium from the
plutonium and fission products with which it is associated in the BiPQ),
rrocess wastes,

The S%iFs of uranium consist chiefly of two classes: (a) the
uranous, U+, and the wranyl, U0p+2, Uranium is capable of existing
in other valence states, but only the tetravalent %pd hexavalent forms
are comparatively stable in aqueous solutions., U™t is a strong reduc-~
ing agent; it therefore follows that it is difficult to reduce U02+2
to U™, U0p(NO3)z, the product of the dissolution of uranium in
hitric acid, is very soluble in aqueous solutions and forms an organic-
soluble complex with tributyl phosphate (U02(NC3)2°(TBP)2). When
aqueous solution are contacted with organic solutions of TBP (i.e.,
solutions of TBP in inert organic diluents), the uranium can be made
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to distribute preferentially into the organic phase by adding a salting

agent (nitric acid or & nitrate salt) to the aqueous phese, Under these
conditions, -the plutonium, when reduced to the III valence state, and the
fission products still favor the aqueous phase,. This preferentizl distrie
bution, and the non-reducikility of UOs*e under conditions where plutonium

is reduced to the III valence state, makes possible the Separation of S
wranium from plutonium and the fission products in the TBP process,

1.3 U0j process

The U03 process utilizes high temperatures to convert concentrated
uranyl nitrate from the Redox and TBP processes to the solid trioxide, U03,

Uranyl nitrate, U02(NO3)2, may be converted to uranium trioxide, U03,

‘&t high temperatures (approximately LOOOF,) by the following reactiont

heat
U02(N°3)2 e U03 + nitrogen oxides + oxygen.

The exzct proportions of the several components of the effluent gases are
dependent upon the conditions of the rcaction, temperature being the most
important determining factor, This reaction is utilized in the U03 process
to ‘convert. uranium to a form sultable for shipment offm3ite, o

l.i Simplified flowsheet - -

| Fig. I-1 is & ‘simpli:iied flowsheet for the entire Uranium Recovery Plant,

‘The path of uranium from the underground storasge tanks and from Redox to

the final uranium product is shown across the top of the figure, and is
labeled "Uranium Recovery", The operations illustrated are conducted in
three locations: in the removal facilities at the various BiPO), process
tank farms, in the TBP Plant, and in the UO3 Plant, Also shown are the
flow diagrams for auxilisry processing operations: HNC3 recovery (U0
Plant)}, solvent treatment (TBP Plant), and waste treatment (TBP Plant?.

This flowsheet shows the code letters used to identify the process
streams entering and leaving the TBPmPlant solventeextraction columns, For
example, the three feed streams to the decontamination column (the R4
Column) are the RAS (scrub) stream, the RAF (feed) stream, and the RAX
(extractant) stream. The first letter, "R, identifies the uranium
Tecov process, The second letter, "A", MCY, or "OM, identifies the
column, i.e,, the RA (decontaminatien), RC (stripping), or RO (solvent
recovery) column, The last letter identifies the gtream, Influent stream
abbreviations end in F, X, or S, which stand for feed, extractant, and
scrub, respectively. Effluent streams end in U, W, or 0, which stand for
uranium, waste, and organic respectively, Thus the RAF is the uraniume
containing feed stream to the R4 Column and the ROO is the purified organic
effluent from the RO Column,
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the slurry pump because of the dished bottom of the starage
tank, is removed via a steam jet._

(£) If any considersble pertion of the sludge cannot be removed
, . by the gbove slurrying procedure, it mey be dissolved by
adding water or a solubilizing agent such as ammonitm or sedium
bicarbonate, The resulting solution mgy then be jetted to the
accumilator tank, ,

'3e Feed Preparation

~ The purpose of the feed preparation step is to prepare a feed solution
Suitable for the TBP Plant solventwextraction cycle from the slurry rew
noved from underground Storage,. . :

1 ] The blended sludge and supernate slurry is slowly fed to an agitated
o dissolver tank containing nitric acid, This tank contains an excess
o= over the amount of acid required to dissolve the sludge, The excess
= nitric 2cid acts as a salting agent in the first column of the extraction
i cycle (RA Column), The "roverse strike! procedure (adding slurry to
et acid) is used to prevent excessive foaming and an initially high gas
o evolution rate, which occurs if nitric acid is added to & tank containing
) waste slurry,

After dissolving, the acldified feed solution is adjusted in
acidity, if required, and concentrated by evaporation to about 70 per
cent of its original volume if the TBP Plant is operating at TBP-HW No, L
Flowsheet (Fig, I-2) conditions, The concentrated feed solution is -
then centrifuged for the removal of any solids. The resulting solution
is suitable as feed to the RA Column, 4 typical analysis (TBP-~HW No. L
Flowshect) is as follows:

Coggonent . | Molariti
UNH . 0.27
ﬁﬁ 3.99{
at o0
S0),~2 0.26
PO),~3 _ - ©0.26
NO3= S5.71
Ccl1= 0,023

It is also pbsaible.to uae unconcentrated feed to the RA Column, This
scheme 1s shown on the TBP-HW No, 5 FMowsheet (Fig. I=3).

L. SolventeExtraction
m
4,2 Introduction
The purpose of the TBP Solventeextraction cyele is to separate the

‘wranium feed solution into two agueous streams, one conteining decontame
inated uranyl nitrate and the other containing the radicactive fission
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'1,5‘ Decontamination

- The main function of the TBP Plant solventwextraction battery is
to decontaminate the uraniumebearing:feed frem fission products and

plutonium,

The factor by which the concentrations of radicactive

contaminants is reduced is termed the "decontamination factor" (D,F,),

"which.may be expressed mathematically as follows:

D,F, = Radioactivity (or plutonium) initi resent

Either the
-fission pr

Radiocactivity (or plutonium) present at step in question

gamma or the beta radiationa msy be used as an index of the
oduct radioactivity present, and the decontamination factor

thus determined is termed a "gamma D,F," or "beta D,F" The D,F, based
on plutonium is. termed the "Pu D, F," A logarithmic method of expressing
decontamination factors ia also used, and is related to the D,F, by

the following expression°

Therefore

a DF, of 10° is equivalent to a dF of 5, D.F, 20 equals

dF 1.3, ete.
2a Uranium Removal From Underg;ound Storggg

The purpase o1 the waste removal facillties is to remove and, as
‘much as possible, humogenize the waste uranium sludge and supernate
from the BiPO), process underground storage tanks. This is accomplished
by sluicing the sludge with high-pressure streams of supernate to form
a removeble slurry,

The removal of uranium from each series of cascade'tanks is carried
out as follows:

(a)

)

(c)

(a)

(e)

-y

The supernate in each series of cascade tanks is circulated
through each tank in the cascade until it attains a uniform
composition,

The supernate is pumped from the first tank in the series to
& storage tank, thereby uncovering the precipitated sludge,

The sludge is then slurried by a process of sluicing, using
supernate pumped at 100 1b,/sq.ih.ga. pressure through
nozzles inside the tanks, The slurry formed in this manner-
is pumped to an accumulator tank, where the solids partially
settle out, The supernate is continually reused for sluicing
until the correct concentration of selids (about 1 part solids
to 7 parts supernate) is reached in the accumulator tank,

The slurry is then’ transferred from the accumulator tank to a
dissolver tank containing HNOB.

Steps (c) and (d) are repeated until the waste storage tank
is nearly empty. A slight heel, which cannot be reached by
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products and other-undesirable lons which are assoclated with the
uranium in the underground waste storage tanks, ’

The solventeextraction cycle has been designed to operate under
the conditions of either the TBP-HW No, L (Fig, I=2) or the TBP-HW
No., 5 (Fig., I=3) Flowsheets or medifications of either which may :
include the processing of feeds made up from slurries containing any
ratio of sludge to supernate. Operation on dilute solution (such as
supernate alone) may, however, neceasitate a reduced uranium processe
ing rate, The outline presented under L,2, below, is based on the
TBP=HW No, L Flowsheet (Figure I-2), However, it also applies to
the TBP-HW No, 5 Flowsheet or other varistions which may possibly
be used,

"L.2 Solventeextraction flowsheet description

The concentrated feed solution from the feed preparation step
(RAF) is contimuously pumped to the RA Column, It enters the column
at & feed point intermediate between the top and bottam of the
column, A countercurrent flow of approximately 12,5 per cent TBP
dissolved in a hydrocarbon diluent (RAX), introduced at the bottam of
the column, extracts the uranium while the bulk of the fission pro=
ducts, plutonium, and other undesirable ions remain in the aqueous
phase, An aqueous serub stream (RAS) containing nitric acid is
introduced at the top of the colwmn to scrub residual traces of the
fission products and plutonium from the rising uraniumecontaining TBP
stream, This scrub stream also containg vie ferrous ammonium sulfate
and sulfamic acid necessary to reduce plutonium and hold it in the
relatively inextractable III valence state, In this manner the bulk
of the fission products, plutonium, and other undesirable ions
(Sﬁhfz, POh?3, etc,) leave the column in the aqueous effluent (RAW)
and the uranium leaves in the TBP stream (RAU),

The RAU stream, containing uranium and a slight amount of nitric
acid, flows by gravity from the top of the RA Colwmn into the bottom
of the RC Column, In the RC Column the rising organic stream is cole
tacted with 2 countercurrent downward-flowing stream of water (RCX)
which, because it contains no salting agent, strips wanium back into
the aqueous phase, The aqueous effluent (RCU), containing approximately

.6 weight percent U0Op(NO3)pe6H0 (i.e,, UNH) is the product stream from

the TBP Plant solventwextraction cycle and is one of the feed streams
to the UO3 Plant,

The TBP oxtractant stream to the RA Column (RAX) is diluted with
an inert hydrocarbon diluent to form a 10 to 15 volume per cent
solution of TBP-for the following reasons:

(a) The density of TBP is approximately the same as water, thus
it muat be diluted to a lower density to make countercurrent
flow possible in the solventeextraction columns,

(b) Higher concentrations of TBP in diluent have less satisfactory
physical properties (i,e,, density and viscosity) than 10 to

15% mixtures, _
e

i co
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(e} It 1s more difficult to strip the uranium from organic solutions
containing higher percentages of TBP,

(d) Use bf,?BP in concentrations below 10 per cent results in more
dilute uranium solutions which require larger processing equipe

ment for a given rate of production,

R - Sy
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4.3 Pulse columns

The RA and RC Columns employed -in the TBP Plant are a relatively new
type of solventwextraction contactor, These columns are filled with perw
forated plates (1/8-in, holes, 23 percent free area), spaced two inches
gpart parallel to each other and perpendicular to the axis of the column,.
The inlet streams to these columns are fed to the column at constant rates,
However, a cyclic pulse is superimposed on one of the stresms by means of
a moving-piston pulse generator, This pulsing forces the organic phase
through the holes in the perforated plates for asbout one~half of the
pulse cycle and allows the aqueous stream to flow in the opposite direction
during the other half of the cycle, This causes vigorous mixing of the
aqueous and organic phases, which is very favorable for solventeoxtraction.
Because of the pulse flow mechanism invelved, these columns are termed
"valse columns®, : ' :

The pulse column is much more effective per unit height than the
usual packed columns used for solventwextraction processes, for example
in the Redox process. Thus the BA pulse column in the TBP Plant is only
21 ft. in height as compared to a required height of about 50 ft, for
a conventional packed column capable of the same performance,

Pulse columns were chosen for the TBP Plant so that installation of
the solventwextraction equipment in the existing 221.U Building Camyon
could be made with only relatively minor structural revisions, Installae
tion of packed RA Columns would have necessitated deepening the cells
containing the two RA Columns by approximately 30 feet,

. Concentration of Recovered Uranium

The purpose of the recovered uranium concentration step is to reduce
the volume and increase the concentration of ‘the decontaminated UNH solue
tions from both the TBP and Redox Plants to a UNH concentration suitsble
for feed to the caleination pots, The concentration is effected by
evaporating water and nitric acid from the combined solutions,

The UNH solution from Redox (60% UNH) and from TBP (6% UNH) are blended

and held in heated storage tanks, before being fed to the UMH concentrators. .

This solution is continuously fed te either one of two firstestage concene
trators, where it is concentrated to about 55 to 65% UMH, It is then
concentrated to approximately 80 to 100% UMH in a single, small, final
evaporator, This concentrated UNH solution is the feed to the calcination
(U03 conversion) step,

The two-stage concentration of UNH was provided as a means of come
batting the corrosive nature of hot concontrated UME solutions, The

,,
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first two, large concentrators are expected to withstand the corrcsive

- effects of boiling UNH solution up to 55 to 65% UNH, The single, small,
final concentrator 1s considered expendable, and may easily be replaced
when required, - o : ‘

The nitrie acid in the overhead vapors from the three UM concenw.
trators is recovered for reuse in the process, These vapors, which
average approximately 2 weight. per cent HNO3, are fed to the two nitric
calcination step {see Subsection D7, below) is also fed to these
columns, The bottom effluent streams from these fractionators sre
spproximately 60 weight per cent HNO3, This recovered HNOj ia reused
for slurry dissolution at the uranium removal facilities,

6, Caleination

The final step in the uranium recovery process is the conversion
(caleination) of the concentrated UNH solution to solid U0,, This is
accomplished in electrically heated decomposition pots at temperaturss
of about LOOCF, _

The eighteen electrically-heated 55-KW, decomposition pots (used
in parallel) are each filled with about 50 gallons of concentrated
uranium seolution (approximately 80 to 1008 UMH) from the uranium
concentration step., The pots are heated for about two hours until
the charge reaches a temperature of 4OOOF, The temperature is then
held constant until decomposition is complete, a period of about
three hours, While heat. is supplied to a pot, it is constantly .
stirred to prevent caking on the walls of the pot, Gases evolved
fram the pots during the calcination step are fed to a nitric acid
absorption column, :

The UO3 poﬁder resulting from this step is unloaded from the
pots via a pneumatic conveyor system and loaded into drums for
shipment, .

7. Nitric Acid Recovery From Calcination

_ Nitric acid is recovered from the fumes evolved during calcinam
tion and from the overhead vapors from the uranium concentrators
(see above). This recovered nitric acid is reused in the process
for dissolving the uranium slurry in the feed preparation step.

The off-gas from the calcination step is fed, after cooling, to
an HNO3 absorption colwmn, whers the NOp evolved during the conversion
of UNH to UO3 is absorped in water to form HNO3, Air frem the
bleacher unit (see below) is also fed to the bottom of the column to
oxidize the NO in the entering gas to NOp and thus permit its absorption.
The acid stream from the sbsorption column is then countercurrently
contacted with air in the bleacher unit, which oxidizes some dissolved
NO to NOp and sweeps the rest out of solution, to be returned to the
absorption column, The bottom effluent from the bleacher unit,
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containing spproximately LOE HNUj; is fed to the HNb3lfractionators,,where
it joins: the overhead vapor from the UNH concentrstors and is concentrated
to 60% HNO3, sultable for reuse in the process,

8.5 Solvent Treatment

The 10 to 15 per cent TBP in hydrocarbon.diluent solution employed. as
the sol¥ent in the TBP solventecxtraction cycle must be reused for econome
ic reasons, The purpose of the solvent treatment step is to treat th
spent solvent so that it is suitable for reuse in the process., '

The spent solvent stream from the RC Column (RCW) contains traces of
the fission products and plutonium and also solvent decomposition products
formed as a result of contact of the solvent with process solutions,

Known impurities in the solvent stream, which are deleterious to process
performance, result from the hydrolysis of TBP when in contact with nitric
acid sclutions as follows: : c :

{C)fE9) 3P0 ——= (C)fig)JHPO) | ——w CLHGHZPO}, —n H3POL
TBP DBP . MBP

Also, continued exposure of fhe-hydrocarban diluent to nitric acid solum
tions may result in the formation of nitrated hydrocarbons, which may

affect process performance adversely.,.

The spent. solvent is continucusly treated. in the RO Column, -the
solvent, introduced at the bottom of the column, is countercurrently
contacted with an aqueous scrub solution which removes fission products,
plutonium, and solvent impurities fram. the solvent, The most offective
composition for the aqueous scrub stream is yet to be determined, Dilute
acids, salts, and bases have 2ll proven effective in "cold" piloteplant
- studies, - Tentatively, it has been proposed that a dilute solution of
NaESOB be used.as the scrub solution, The aqueous effluent (ROW) from
the RO Column is sent to the waste treatment step., The organic overhead
(ROC) is returned to the process for use as RAY,

Facilities are also provided for batch-wise chemical treatment of
the sclvent with aqueous chemical solutions if additional treatment is
necessary, for -adjustment of the TBP concentration, and for the addition

of makceup solvent to replace lost selvent,

9+ Waste Treatment and Disposal

- The function of the waste troatment step is to roduce the volume of
wastes which, because of their high levels of radiocactivity, must be
confined in underground storage tanks, OQther liquid wastes from the
Uranium Recovery Plent, which contain only slight traces of radioactivity,
are discharged to underground cribs {concertrator and fractionating
column overheads) or discharged to open ditches or ponds (cooling water
and steam condensates) and require no routine treatment,
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The only two highly radicactive waste streams from the Uranium
Recovery Plant are the aquecus waste streams from the RA and RO Columns
(R&W and ROW), These two streams are combined and neutralized with
NaOH before concentration, Neutraiization is necessary to minimize
corrosion in the waste evaporater and in the underground storage
tanks. The neutralized waste is concentrated by evaporation and.
returned to the underground waste storage tanks which originally
contained the BiPO) process uranium waste, The volume of returned
waste is approximately the same as the original wranium waste volume,

E. THE URANIUM RECOVERY PLANT

Two of the three major components of the Uranium Recovery FPlant
the TBP Plant and the UQ3 Plant are located in the 200 West Area of
the Hanford Works, approximately 30 miles from Richland, Washington,
Parta of the uranium removal facilities are located in both the 200
West and 200 East Areas, A detailed map of the Hanford Works and plot
plans of the 200 East and 200 West Areas are contained in Chapter XIII,
Chapters XIII through XVIII of this manual contain & detailed descripe
tion of the plant and its equipment,

1. General Plant Layout

The facilities for the removal of underground uranium wastes
are located at the tank farms (2)1-B, -EX, ~BY, and -C in the 200

" East Area; 21T, ~TX, and &U in the 200 West Area) filled from the

"Bt and YT" Bismuth Phosphate Plants, Facilities for blending and
dissolution of these wastes are located adjacent to the 241-BX and
2h1aC tank farms in the 200 East Area and adjacent to the 241.U and
217X tank farms in the 200 West Area, The IBP end UO3 Plants are
located in U Area, a part of the 200 West Area, in Buildings 221U
and 22L-U respectively, These buildings were originally constructed
to be used as a Bismuth Fhosphats Plant, All process solution
transfers between these various processing areas of the Uranium
Recovery Plant are made through pipelines enclesed in underground
concrete encasements, Connections to and from these pipelines are
made through reinforced concrete diversion bexes,

There are two other buildings of interest to the Uranium Recovery
Plant in the 200 West Area: these are the 222.5 Laboratory Building,
which handles the analytical requirements for the Plant; and the
Redox Plant, Building 202-3, which supplies one of the feed streams
to the U03 Plant,

1.1 U Area layout *

The layout of the U Area (which i3 a part of the 200 West Area)
is shown on Figure I.l, This layout drawing shows the relative loca-
tion of the TBP Plant (221-U Building), the UO3 Plant (22L-U Building),
the 222-U Laboratory (which has no connection with the Uranium Recovery
Plant), and scme of the auxiliary facilities,
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The Iayout of the TBP and U03 Plante is discussed under: 1.3 and 1.4,

below, 2

follaws:

‘iciliyx

203=U UEH'Storage

'203-UX UN Storage

211U and =AU Tank Farms

2l1-WR Underground Storage

Vault

2L1-UX=154 Diversion Box

Neutralizer

270=W Crib Waste

271U Service Building

27508 Varehouse

276U Solvent MakeeUp and

Treatment

291U Sand Filter, Fans, and

Stack

271L Warehouse

The functiona of the anxiliary facilities shown on Flgura I-h are as

-Fﬁnbtion '

Storage of decontaminated UMH 801t
tions from the Redox and TBP Plants
for feed to the UO3 Plant,

Storage of UN feed to calcination
step, Storage of off-standard

uranium solution from caleination

pots -for recycle to TBP‘Plant or

: U03 Plant,.

TBP Plant chemical storage and
aqueocus makewup facilities,

Storage of acidified feed from the
tank farms, concentrated highe

"radinactivity wastes and recovered

HNO3 v.o be routed back to the tank
farmg, and low-radioactivity wastes
to be sent to cribs,

Diversion box for routing process
gtreams to ‘and from the TBP Plant
and the 2L].WR Storage Vault,

Facilities for neutralization of
condensates with CaCO3 before
eribbing,

Contains offices and aqueocus makewup
facilities for the TBP Plant,

TBP Plant dry chemical storage,
Facilities for the makewup and
auxiliary treatment of the TBP
solvent, -
Disposal of ventilation air from
221U, 22LiU, and "hot" tarks in
ol 1K,

Storage of UQ3 product,
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1.2 Laycut of underground remGVal facllities

Figure 1.5 is a simplified layout drawing of the 2.0 tank farm,
211.UR removal facilities, and 2Lli=UR Process Tank Vault where the :
uranivm slurry from the tanks is blended and dissolved. The removal
facilities in this area are similar to those installed at the

2418, ~BX, «BY, =C, T, and ~TX tank farms, Process tank vaults
24&.BXR .GR ant «IXR, similar to 2Lhh.UR, are also installed at the
241.BX, -C and «IX tank farms,

Each uranium—contalning tank is equipped with a sluice pit for a
high-pressure sluicing nozzle; a pump pit, for a slurry pump and anpther
sluieing nozzle; and a heel pit for a steam jet for removing the "heel"
of solution from the bottom of the tank, The nine uraniumecontaining
tanks in this area are connected through three diversion boxes to a
master diversion box 2li1-UR=-151, which in turn connects to the 2Ll.UR
Process Tank Vault. Returning concentrated waste from the TBP Plant’
is also routed through this box, All piping in this area is laid in

- underground concrete trenches, The underground waste tanks are

vented through individual vent exhaust systems, comprised of a Fiberglas
filter, exhaust fan, and local stack, The tanks in the Process Tank
Vault are vented through Finerglas filters to the 291.UR ventilation
fan and stack,

1.3 TBP Plant (221.U) layout

The TBP Plant, Building 221.U, is a multistoried, predominantly
reinforced concrete structure, spproximately 810 ft. in length.
Figure I.6 is a simplified sketch of the building layout.

The building has two major portions: the process portion which
contains the "hot" process equipment and the regulated work zones, and
the service portion which houses personnel and equipment necessary'¢or-
remote operation of the process portion.

The Camyon cells house the processing equipment for feed concen-
tration and centrifugstion, solventeextraction, waste treatment, and
solvent treatment. Piping connections between cells are made through
the cell walls and the pipe trench., Because of the large volumes of
solution which must be handled to process uwranium at the instantaneous
design rate of ten tons per day, two process lines have been installed
in the building (each capable of processing five tons of uranium per
dgy) so that the smeller equipment sizes necessary to fit the Canyon
cells could be used. Also, the installation of two process lines was
desirable to give the TGP Plant greater flexibility of operation and
a greater range of feasible processing rate. The function of each
Canyon section (a section contains two cells) is noted on Figure I.6,

The regulated work zones consist of areas where limited contact
of personnel with radistion and radiocactive contamination is allowed
under carefully prescribed and monitored conditions, The Canyon
deck level and the Camyon Crane Gallery are both classed as regulated
work zones, The SWP (regulated work) Lobby (located st the northwest
end of the operating gallery) is the central point used for entrance




“+ion.

The service portion of the building includes the Gperatiﬁg, Pipé, and
Electrical Galleries, Other service areas are located adjacent to the
221-U Building in 271.U, - - , : '

1. U03 Plant (22kul) layout -
_ The'U03.P1ant,'Buiidiﬂg‘22&-0, is a concrete structure housing the
equipment for UNH concentration, calcination of the UMH to UO3, and load=

ing of the U0y product as well as equipment for the recovery of nitric
acid frem tha concentration and calcination steps, A simplified layout

of the building is shown as Figure I.7,

2.- Special Fbatures.of the Plant

2,1 Shielding

The high levels of rediocactivity associzted with' the process streams
necessitates that the underground -removal and TBP Plant facilities be
shiclded to prevent personnel from receiving excessive anounts of radis-

- The process equipment at the underground removal facilities is .
shielded with earth and concrete. Other outside facilities, such as

‘process solution storage vaults, diversion boxes, snd pipe lines, are

alse shielded with carth and conecrets, The TBP Plant process equipment
is shicided by the concrete cell walls and cover blocks, The shielding
reduces radiation iitcnsitics to less than 0.1 mr,/hr, in noneregulated
sones and, normally, to less then 1.0 mr,/hr, in regulated work zones,

Process solutions and solids in the UOj Plant arc essentially free
fram fission products and therefore rcquire no special shieclding, Howe
ever, process equipment areas in this building are classed =28 regulsted
work zones since the radiation levels may, in some cases, be as high as
1 to 2 mr,/hr, - :

2,2 Remote operation

The location of the underground removal and TEP Plant process equip
ment (underground and behind concrete shielding) requires that this equip-
ment be operated by remote control, The remote operational controls are
similar to those employed in the Redox process and in highly-automatic
proceas industries, : : :

Processing operations are, for the mest part, controlled from the
Contrel Houses at the ramovzl facilities and from the Operating Gallery
in the TBP Plant. Seme of the processing operations at the removal
facilities, however, are controlied from asbove the tanks. Some of the
methods and devices employed for remote operation are briefly described
bez.O“'o

At the underground removal facilitics, steam jets and electrically=
operated pumps submerged in the process liquid are used for solution and
slurry transfers., A system of interlocking controls keeps any pump -from
overfilling any of the tanks, The slurry pumps in thc waste tanks are
raised or lowered by remotuly operated cables, to stay in the corrcct
position relative to the tank liquid level, The slurrying nozzleg,

™y DECLASSIED

=




TR ~f-4 A  121,-*n51:- T *!!!II" i

28

@

3900

moved by an electrically-operated mechanism, may be pointed to spray
any pert of the tank bottom. Progress of the slurrying operation may
be viewed through a periscope. Differential pressure instruments

are used to indicate the total weight and specific gravity of solutions
Solutions are sampled via vacuum Jjets which draw the solutions into

- 8hielded sampler boxes.

In the TBP'Plant;4aolution.traﬁsfers,are also made via steam
Jets and submerged pumps. Flow rates of streems which must be closely

. regulated are controlled from the Operating Callery by recording-

controlling instruments which receive an impulse indicating the flow
rate from rotameters (solvent-extraction column streams) end orifice
meters (other streems) end in turn actuate air-operated velves. The
position of the organic-equeous interface in the columns is controlled
by recording-controlling instruments which are actuated by air-
bubbling dip tubes in the column tops and in turn control the flow
rate of the column agqueous exit stream with an air-operated valve.
Agitater, pump, and pulsing unit motors ere controlled electricelly
in the usual menner. Weight factor end specific gravity instruments
and samplers are operated in & menner similar to those at the removal
facilities.

2.3 Remote maintenance

The process equipment used in the urenium removal facilities and
the TBP Plant is designed to require a minimm of servicing end mainten-
ence. However, when meiitenance is required, it can be accomplished
remotely with the aid of gentry cranee at the underground removal
facilities or & T5-ton cepecity crene in the TEP Plant Canyon. Piping
connoctions are made with jumpers fitted with special connmectors which
uey be tightened or loosened with @ crene-cperated impect wrench. Agita-
tors and pumps ere held in place with large nuts which may elso be re-
moved with an impact wrench. The TBP Plant tanks are positioned by guides
built into the cells and may be lifted out after piping jumpers have been
removed. Replecement rerts are prefabricated to fit in plece. The crane
operators, protected by shielding or distance, view operations through a
periscope or mirrors.

Redicactivity levels in the U03 Plent are sufficiently low to permit
contact maintenance.

2.k Fire and explosicn protection

The TBP process euploys & mederatoly flarmable organic solvent:
TBP diluted with a kercsene-type hydrocarbon. While the high flash
point (about 150°F. Tag closed cup) ond low volatility of this solvent
tend to linit the flammobility haozard, severnl protective features
for the prevention of fire or oxplosion have becn incorporated in the
TBP Plant. Among these are the adequate ventilation of the process
tanks and processing areas, to prevont the build-up of any potentially
hazardous vapor concentrations, and the use of explosion.procf or
totelly enclosed electrical equipment {conforming to or exceeding
National Electrical Code Class I, Division 2 specifications) in solvent
areas.

Q@  DECLASCHED —
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~ Details on the fire and explosion safeﬁy features of the TIBP Plant
may be found in Chapter IIIV. |

2.5 - Uranium oxide dust control

The finely ground U03 powder produced in the U0y Flant is toxic, In
the case of natural uranium, respiratory protection is required if the
concantration in air rises &bove 3 x 10= miorograms/ml, '

The'exhauat alr system in the U05 Plant is designed to keap the cone
centration of UO3 dust in the air below the highest permisaible level so °
that masks will not be required in normal 0peration. ‘ o

REFERENCES

(1) HWelOL75-C  H.E.W, Technical' Manual, Section C. Author not
: . Btatedo : 19]-&&. . . : .

(2) HW-18700 ~ Redox Technical Manual, Author not stated. July 10,

_ 1951,
(3) Hv=19h00 An Introduction to the TBP and U03 Plants,’

D. R, Guatavson,. Dec. 20, 1950,




HW-19140
FIG. I-1

- BELASS

FIGURE 1-1
SIMPLIFIED URANIUM RECOVERY PLANT FLOWSHEET

RS - ROF

- 3IH0030

L%

1

521

SUPERNATE. RAS
RECIRCULATRD THROUGH OvVERHEAD HNO3 Scave soLurion Ta Omaanie
Buucikd NOTTL LRSS FOR Tg CR[B5 ComTaming Fe | TREAT M~
SLUDGR. REMOVAL. BeoucTANT RCW
l_.- RAU- RCE WarTan =@
2 U vy Creanic
B - //——-\ 20 1 OvERKEAD (FE- Gas
4 ‘ o SE o HAO3 o HNO3
1 Feeo CenTRiFu- EAF 3 ¢ 3a FRACTIGNATOR AssorBER
CoNcENTRATION GATION O H S 2
/ X V] -
. L S q w U [}
5 o> FinaL ~
CALZINATION Size
RAX ] RAW. e UO Reouc vos
TBP in mvora- A ano rission 3 EDUCTioN PRODUCT
(a1 ¥ 1.1 Dll.ulu'r PROCUETS e ’
WASTE TRLATMAMT
ComcenTRATED UNH
) . From REDOX
- : URANIUM RECOQOVERY
CFF- Gas
WaATER o STAck. OvernEAD From
OrF-Gas From UNH CoNGENTRATION
CaLcinaTion 1 o
o o4 CONDEN3ER.
W | 3
] l ] 1
)4 -
9 - 5 > g ~Cra::w(::é».ls.nu'rz
ConpeNSER Nrrroarn 32 z \ & o CriBS
i "
OxIDES S 1 - g ]
S £ E: GO0Z HNOs Recvcie
T ‘ 20X HNO3 ‘ To ACIDIFICATION
| Aanp BreEnDing
Al
-

- HNO, RECOVERY

MAace mexsup | OVERHEAD
ROX [ ROO ] | SOLVENT, WHEN | TVEC
REQuineD o RIB>
Na; 504 el | L___.._.I..____I NaOH .
SaoLuTion pi 1
z ~
5‘ So LVENT\ RAX To RAW ¢ ROW ConcENTRATED WiasTES
Q 5ToRAqE RA Corumm WASTEDS SONTAINING RaTurnes To
) - FiIssior PRODUCTS UNDERGROLMD 3TORAGE
0 _Il AND  PLUTOMIUR TANKCS.
0% i
OF ‘ e ———— —
ROE_ Row L o ADBTioNA |
S5ParaT SouvewnT bl e =™ raEATMENT
FRam RC Te wasTe | WHEMN  REQUMRD
CovumnN. TREATMEMNT e e — e —

WASTE TREATMENT

- SOLVENT TREATMENT > -

DECLASSFED D™ ASSIFIED




031155¥1040

. MH-d8L (33ysmojy |Daiweyn

SS3008d 491
: ¢~ 34N9I4°

LA e R AN !_.\.u-h»-_. woaps & pouindas
e B ES JON P oy Bpes e Luadi-An wr M-\I‘-L-_ PO verewsiry oy
N . ‘AN s

2 PPN WO PRy P doy A FERILAIEEIIND ') B iaa &y -
BAT w13 2phrs )1acie vu wo mmraasimy seren Sotsoen o v, ittt
"RTET W) DB yarane e e el A et o B
- - COROIE a3 i B0} }O iy  ay
- o P IPIv Ty
EPR I R) Py pue rearmeyy pgy ‘\\l&h\.—.\!\\ \t\nn\\\\t\-\t\n

.w AO TRG RN [ ey oy e 29 e AV A B/ Symmsg) “sys Ko vmbyr NS, g
H PIEHR I8 SILI0(100 CIE [0 Moy veiirred oS puo PR Mo S aDm
N WO JOE #F pecmy rsjev PSR B RmOfp BRI c pry 3y

.. Tren)
i P03 BRI, By W TN £Y 181009 2poms Janyse ppr wo piver oy pafe
P PO s (13 D) £ aisnd Ownl o vg V3 B) wduns BiRE o ) v niusin
OIS 285 BIwainn sy Snipstipa: oy n“\\
(Fmed 37 10 porsnt §inda WASPs ) P ESr : ARDS FOW sroee g a8 s

1ebomy pared 3, sesddy

Soce p gt £ Bark pond g LT
Sty ovant ¢ W BT 5 By KOE pryy OIS pans 2wt mr e Wy RO P saiID P ayp

T T LT AN

&r

FIRPRay) e | PPO'®  Ero0T
F N PLer

Fof BD jomy Suiraniy

=]

DN

o
Q¢

TS

PP yib, s01ir3
ERIVEY b epiany Vo iw
W b0l o POP Ty
LEw SO Wy iy

o

LA P TV E " T Fr I

Alossdrde ¢
LA R, 1 f S PO
q\\“u.\\&\\\\.“.\““‘ !‘b\\!
POES C1 JUeL sapr +
“fORLL U0 W oy
NIOQ ML ox Arwenson

ra s oy o

v I pavyey

¥ TV Fo-e ol
Cpr  gev ‘o
LA AT L IR T

TUE ixve e for Bgy

»rp NGV o mmun

o0 4
o =

t{sﬁ 2 nosvhy

. TINSD LWNrwipsA
SO ND RO L1y ey
PYS ey dpaydvr pow

— !

20—

w MOB TITITeTINm

MNV.L
LA L

Age 1 (hoc Yam) freung
. e Kpivuan 4 o5x g
: COMINERS fo iy 1arg 0 7 A weursop enasnby i mas: puay ) conogry me
! IOPIER BInprs v Sady UIEAS Wl ZLLE .
| Phvsysns-vo; My geod Fow) _
1 TR & BIOLUBPUO) POYIT - g s - S0p 0
7
8!
rov yobjcon) 2
Fé-r P Epuamy
LA Y MRy osr By
sow FEDFT D) ;
e v RIY) #O pRIOI DU}
- Py TR 82830
h.do uq.M.u “Pspreeo> buivg
£y L7 oo P PIE LB IR prasAsy
oFrr e hy %z ow‘m WL T LOL pouay g
PN ras yabrcria 4 st oo TI PO PGy et )
Oy YW icem p u..s N pros g rawng
ze 82 =173 'y hhnﬂu s n.ﬂ‘ w
L1890  jeve -y Lo " oy dise “ok YAIDL IR s, By
SV e formm K o vieo r LA L
Fa /) FEie Er e 9o [ _J.
1807 Serevag L gre S~
174 L FZ4 I~ L @ copse A
ASE " i ra PPt Y Y Spores
e, <
~ & *
F N N
e .do M FPOLITANED e
<
( 20t pop ) > L2 sobiabims 2
L.y W\ M ~ F» yob) cosny g
wor
Sraly - \ $UDIIDS Uiy M - il
I M ny
A i ¥ ~7 »T .
-1 T3]
2y m, i i num iror an
\\ 2 (18 g0 o i —— 50 " _tow
a foow m0c6 o9 L2 oy
— s erv sz e -
L1 vor-. o irv e
. o»é " Aprrups
s TE W ZE
I - YT P
— ]

SAN
\

N

Obl6! -MH

T - wwinee pieng
ol G P LR
La o T HTaRT Troor

oF LU
Fa ore w Togw &
evi sou oo ¥ s,
L -2 Ton
sior Ay revee
Tt =
GO AT SO ey

NOILPYOSSIT FWTFTE

IZh

2

O0hkE

{E



06032

2123

* e
\ _HW- 139140
HEw - Oy
L8 247
Cansity o3
( v owe e an
. MraDy P - ooe
. o nrgy | % Tead y L]
Vaoin by set 4 t [
Tlew 4ra {E . L
K Cefug Wmeme ! -~ -y -’ —
FOLEMd Tt i
Funl o } .
| .
[FRTRS n : { CEWIEL [
h A - Lo
. Y Y ’ on P
. - mag ENEL e HbLy ot 1 /
. 2% o ool
UMD GROUMD LTERAGE LR . vEs H -
TUbA 10 uTiIOM sy Mot 2.2 L . P el ELIRETL RV
Wy Gwnen § WOPRRLATE — I X :\-‘ e e T T - P L ‘ bl .
M L TL L= Ly s . a' 18 are Flow 231 [l
Poasity \Eeo Dansity 1t : . - oot P [ #44] . H P
Uun v e : N " et . v i B e
Loyt g ey ot ite . . s pC b Naw *
-~ Pyt ey wy poy" [T row e 1 L1 v { vma neie 1}
( lﬂ.‘. .8 &7 Ny 2 & Cunas faal z.9 ! Ar H
oy - o <1’ oay . Flurinerfm.- o H Ve LT fate ) s
on” L 1.1 Na” ey CENTR. P UGt Fa G ) ' , 3 /
o' sz o177 " [ - h : il -
' [ 1Y m‘ Pu LI H - -
T —— ¢
o A Narar e b - ’
Fraw Oturcsin LB i ] B s _®Tw
H Coriom jyal TCuranjgel  Surg : - it I . R
¥ Lurion jgui “h AL oo, [ Selids ts waste Syurem : ! terar ) L Dansity oat
oy i v 3 FLT Bocen LA 1] 4 (¥ o v RE LA 3
B H gt [y ) ‘5.8 / MGy LI 0 lLX L1
- EYY Y .8 ci- wosrl ekl
Patraieum -.dur:" 5-km;n j Ry 1.7 o <A ‘ee e mt
— - 1l H =" o002 [T ) - R
Cansity aoa* T [ a_ﬂ;g t.5 - H Curinn jgels  HTam
{ne c.n..,‘iw EXE T 122 L——-—-— ot %6 ey E W T Ll
3 :..,.nnl 5 asf TR ’ ~a” 22 - o :-I N :::
} Sl dijatats s Fat® crorn PRTY -
) tiing —enuidesed. ! e et \
- Seatmee oy veen ! rap o ::
iadieatad no Shi b e —=
Pimmannel- feFecq & s
Fra i . ‘;:!eu S 9-:.;
! Tengy | jais 2.c2
i T larigr i gon . % .
i Fiow 9.8
i
!
. ; T
L i
N ) |
. | ,f
! I "= wakcr - TEP: Lilator Gondgaseit te CaDa.
e H {May s they ien-dachange
. G T [T {
—--—-'-:'—'—r'.‘;_" s " ":: : Roo mpw cOMit ST HATED Wi rEan beds ta reduck ft sdual
o, e, _iil_. c"n.*‘ S B .-.: " [Patreitum Driuant Sehtien Apucsan Seluten - activby, 1F paguiced §,
o o cto Mol Deanity 1295
i G wity | Nayi5y) LTTY Uk w3t Bs7
I } May Mg or a7 4Rz LT i Tlt]
* 1 My wOy ar 1-29 LS o cmols o Cdop——— Prouot
{mtarmittany ~ v I Ha PPy [T 164.3 41‘«.-; ’_"“L '(-'_i “','_‘ .
ol LR L 3 . ;
-3 ﬁ i |"’§ P law RPN ] Feuritsfgale  fbe ot
iy,
252 floms o V3.8
[Conca v TRATRD whutn moiaa] MEUTE AL IR S W3 < Narmaily M s B
agw Im-num TR T e L )i ek to u'a‘:::n:u. — raszing Faint G s N o T e = _
N et men i usmd .
Ceraiby - ".:"L; D‘:." bt @ nee wnen sempting indicahts // H
R ' - H o Loy addibronai {read ment b The listed ac kuwrities dre PRE onadlanam sctusl curies +hat My by capwated (f o '
l.mu. esati e} Lt oan o3 % neccsna Precasning rate of & shet bans Jday Ie BN el {minimam aging parwd el Pof oyl .
3 S0, «.sal -t ey Y Wi n T . Th praccsn witl 4ive o @arotuct maat & rwimsutivh. teisranch Far racevared
[ - e . ™ urqe:u.:m(no" wa ta :.ur-l\' "i Wy e ?nm rre ,'q.u)..nh wa .
- " X -
HPwt - b . o - ‘e q “-g;‘:-‘l:‘ Sn thi aLfasi quric basing .9 an tha Tacusiemie’ i
- . MOy Gl e an* ki £ 5 21 aletes Fiews wre mmintive fates bresd an Combingd -m.g ; Supernate .
Q- T asnt -n " - 456 2 Flow w104 . This flaw fu3 bean sheven far ampariven af the
postae M 1o \ Flhwaraat with Wu v3 (Mwases7) § wv 697 Flawaheats on !
. ~ery L& Ta Y] WJ whieh Cambined Thades s..p--ﬂaq. H- wan 198, .
Na T ™~ g P - 4. 20K flaw rale | compesitian have ne tarwaty gstabliished. - !
Tattr aess Yy Ta® - c %, Figurss shown +a8 walumns r:pr-t ? -nu. pros naminel tambse oF I
e ————————ee. M Mq"‘w‘ n:n A whith required Far *pa aha -mg.l ‘, n.- Coma ¥ iand ;
. . epasiflad. °
o *>0t (Saw nate %) Btedd u o N f_ ] Reerem W pacess nemnt ,..5.. Mumber of fassratical etaq - |
MSPeud U a e Rtead Ay & ~%e 3 Rol -~ ; [ Nm-\.? s? tranafer unity caicyiated ea
Bluriariqal  t.ox o re . 1o e brne |
¥ Coannvqah Py - Moo -Murld n:u r anite :-bmma mm :
- . il "IN - H
Flow et i o 6. Tatal nurle o ceninimilens 46 nat acluds, nitmie fan e Gl 1 b . .
freasing Pnt G 9% ! - Catrmdion data préstnted (n Hw-|A 929 indicate that & pit of = H
p Ty " Mauind ta prEvEnt Srcs Feive et fedimn .mnuqr--a :hn'lh atre, i
T e i
L Y-R b -
T Campsnitiane f Flews N 3 ~ |
da et i now Hussus Seiutisn : ' f
Wtrdd o Santyri putipes M 6 4
®acapt uranheen cen- |
Dpry y FIGURE 1-3 ’
~ TBP PROCESS |
‘k . - . L J i
- Chemical Flowsheet TBP-HW™5 |
N i
.

DECLASSIFIED




92123940033

FHGURE - <

‘Jrfl

’ D
EAR 2

L Ai"{}"f“ )
l S F DG H 240774

241-U Tank Farm

¢ 241-UR Removac

FAC'L‘T'E-‘:':.

ol e
:;. ' ' e /

00000

WAREHIUSES
ViaTeR Tanx

O0CO znay
Serwvice Buiog . )
- 2902 -U oTmh l’“‘"“ ﬂ"lﬂﬂlﬂ 211-U
mm 27)-U ! UL Wi
o £ 1 — - —4 — — - it
— B} n " ' :
T 276-U , SR 271-4 TBP FrasT
% S.DLVEMT Maceup I = L J 17 J | J | T
ﬁ ¢ TeREATMENT
rrl Div. Box 241-LX 174 UNDERGROUMD SoLuTion f'“'-
o a SToRAGE VAuLT &
%OJHF:LAN( Ao &R
224-U i 22Uy D E,,?%Q
o~ DAMD
o Y = Cnd | N
2030x [ . Hi Lae 2 94 1 fLTEﬂ
N S1ornce cory Fov_§ Stack 1
UNHIt STtorase. : 52’
o
cTO-W

Crie WASTE

-5
PR
NE U RALIZE ¥




YH3H003

_- MEMS&? Ve | VY- 13140

FIGURE -5
SIVELIFIED LAYCUT
UNDLGRCUNE  STORAGE TANE. & REMOVAL FACILITIES, 20C -U AREA
REF DWG: H-2 41 OF

[ ] 1
Prozess Tasx Ault MuaTeER Diversion Box
244- UR 241-_R-151
. o — | by
VENTILATOR STack & Fan Conrror House q
291-UR 271 - UR

Cascane Siuice PiT
VenT ErpusT - ‘
, _}’ ! j
CascApE ; '\ @ ’ /
_/

Heee PiT /
- Zaszape D

ZQI'U'}O} 24' U 102 2‘” U !Oi 50?\ 2‘“'UR'|52

o AR f*’/i-\
o2 C o e ™
‘04 SR © [[P

24dt- U 106 29-U- 105 24] U |04 Box 241-UR- 153

/

e ¢>°\
SOASIAN) ..

Cascane_
Fump PaT

¢4-U-109 24r U IOB 241-U-107 Box 241-UR-15¢
— " / - - I
/ \ |
\ + 4 - N : -+ ——
A
il » |
1
24-0-H2 24-U- Hit 41-U-no

* The. Cascarie Pume PIT 20MTAINS A SLUICING NOZZLE
N ADDITION TOo THE SPONMBP

DECLASSIFIED i



123940035

&

FIGUIRE T ©
SIMPLIFIED TBP PLANT (221 U BUILDING) LLAYOUT

REF. DWG: SK-2-6177

E&c: :Lo:hgn_[' III"{;%!L?EIJBI 1 l 3 |’: I ]

1 L} [} i 1 17 1a D l
[p a;[lb ]na lzn alz2le3|ee 25l e

wr]loe[seis 2l 3510 7? ;s 37|99,
| |

. -Pwes TREMCH
~Canvyorn CELL

—~Pire GALLERY

-7 T ‘L 27U Crrices & Agueous

MaxeyP Faciuivies

qasev103d

Puan AT Seconb fLoor

&5
SECTIOM Fuuc:norus 5
. I. EmpTy Il. WasTe NEUTRALIZATION
g':::‘_f“ 2 RR Tunmmer 12. WasTe SampLiNg M
- 3. Feep RECEMING 13 WasTte Receiving
g:f_:::‘"‘ Pipe  TaEscH 4. FEep & WasTE Hoipbue 4. FEep CENTRIFUGATION E
¥ 5 SumpP SowTion Howoue lf Urarium SamPung i
Pirw . 6. FEED EvaPorRATION Urarsium RecENING i
'GALLtﬂf—_ VEMTILATION 7 Feeo EvaroraTion IT SeLwVvENT ExTrRaCTION
ELscrmican Tuknm 8 EvaporaTtion (3PARE) I8 ScuveNT TREATMEWT
GarLamy | 9 WasTe EvaAPORATION 9 SoLvenT ExTrRACTION
10. WASTE EvArcrRATION 20. SovENT TREATMENMT
Canyon Cross SecTion

9-1 914
OPIC!-MH



2123940036

FIGURE 1-7
SIMPLIFIED UQO; PLANT (2¢

24U BULDING) LAYOUT
BASIS: SK-2-50044

A

\ s ___I . =
- — g s 7. ::-—- Ee Saegs o :7 '7 ] Er e pue——— ===
-w - - - ! .F” _‘E
A C:Lg B Cewv T Crin D _Ceic ! E C‘ L - B Bac FiLteRs
HMO; Ansoapriss]| UNH CouckuTeanon feen. WasTa, UMH  ConclnrraTron UD, PoT Room UQy Por Room -
c & Moy _ Il & HNOp Thams 4 uuo,
FRACTION: Fracvion- .
m ATIOW ATioN 1
O vl — \._._ —_ ﬁ,__.‘_ll,_ L. e e imeeien e
_ '—— l :I',. LDy dToRAe Bis
p ErLecTRtAL —
“ OF-(U;AYWQF GALL;_RY . i EouipmenT ——
c: n e TroeRr 1Y { 2mp FLoow)
a—— : r S T TaansFoRMins
-ﬁ‘—l | | e O “ , ]
O A - i PLAN LG FLATEIRM \_T
L o S
I =
OPLaaTING
GALLERY
L Ceuws } e _
Pira. l:

i
| H Il Fuect Equie
GaLwEmy -
|

it
BiLowes, LulcH, !

Po—r
| T T Koom
: 1
AND CHaNGE ; cly Lentarig Kooy ;
Roorms H Iy
’

SECTION A-A

L-I Ol
vler-ME




i“}

L ¥
H

_r
ﬁ ‘{}
HR

ek

PART IT: PROCESS

CHAPTER II. URANIUM REMOVAL FROM UNDERGROUND STORAGE
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CHAPTER IT. UD iTTli REMOVAL FRGHM UNDERGROUMD STORAGE

:Z}Ecﬁt

A. COMPOSTTION AND PROPERTIES OF STORED URANTUM WASTES

1. Origin and Nature

1.1 Origin of the uranium wastes

. "“In the Bismth Phosphate Plants plutornium and uranium are separated

in the first extraction step. The plutonium is removed with the centrifuge
cake for further purification, The centrifuge effluent containing the bulk
of the uranium {ca, 99.9%) and fission products (ca. $0%) along with excess
3P0y, HNO3, HpSOy, and NalO, is neutralized by 50% NaCH and 30% Na,COs
solutions fo form a metastable solution at a pH of 10.5 and temperature of
approximately 600C,, which is then jetted (at approx. 350C.) via an under-
ground pipeline to storage in underground tanks arranged in cascades of 3
to 6 tanks, = |

Over a period of 6 1/2 yeara of operation, from December 12LLi to June
1, 1951, approximately 5160 short tons of uraniw have been transferred in
21,2 million gallons of waste to the undergiound storage tanis, At the
present (June 1951) processing rate of li short tens of uranium metal per
day, another 74O tons of uranium are expected to be stored underground in
-the remaining 7 months of 1951, giving a total of about 5900 tons of ura=
_nium to be processed by the Uranium Recovery Plant, Uranium waste3 were
stored at a rate of about 2 short tons/day (700 to 300 short tons/yr.)}
during the first 5 years of operation, This rate has been approximately
doubled during the last year (1951), to about 102 short tans stored per
year, The following is a chronological inventory of uranium metal stored
in wnderground waste storage tanks:

Production Rate,

Date T Total Short Tons U Short Tons/¥r,
Jan, 1, 1947 1ikoo 700
Jan, 1, 1948 o 215¢ 750
Jan. 1, 19h9 2900 750
Jan. 1, 1950 : 3700 800
Jan, 1, 1951 L4500 800
Jan, 1, 1952 5900% - 1hoot

#Estimated: 350 days x lj short tons/day = 1400 short tons.

1.2 Nature of wastes.

then jetted from.the Bismuth Phosphate Plant waste neutralizer te
underground storage, the waste_solution his an average composition by
weight of 10,7 UMH, 1.96% SO}, 1.9l% POj, C.71% NOj, and 3.5% CO3, and
a pH of 10,5. Most of the insolubles, such as Si0,, and HalUO,P0), (beliewed
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to be the main component of soft sludge), and Na) U0 (003)3 (believed to
the main component of hard sludge), separate fror tfie métastable solution
and settle out in the first tank of a cascade, (Zach cascade is ma’ s up
of 3, L, or 6 tanks of 55,000, 530,000, or 759,000 gal. capacity.) After
the first tank in a cascade is full, some insoluble material in the super-
nate cascades to the next tank where additional separation and settling of
solids takes place, However, there are practically no solids in the third
tank of a 3=tank cascade, The approximate sludge levels in the 75-ft,
diameter (16 or 22,7 ft. deep) tanks are indicated in Table IT-~1 and sume
marized below:

Cascade 1st Tank 2nd Tank 3vrd Tank Lth Tank 5th Tank 6th Tank
B-tank hoo 1 . 9 0 - - -
L=tanic Te7 3e? o e - -
b=tanic 9,0 L. 1.0 ¢ 0 0

1.3 Effects of agin: on uranium waste temperature and composition

Owing to the radioactive heating effect of the fission products, the
temperature of the wranium wastes in underground storage rises until cone
ditions of steadywstate heat transcer fram the storage tanks to the
surroundings are ~ssentlally established, At the time of the approximate
establishment of t!is steacy stafie, which occurs within two to three months
after a cascade is filled, the temperature of the uranium wastes is at a
maximum, After this the temperature of the wastes gradually declines as
the fission products decay to lower radiocactivity levels, While the maxiw
mm temperature reached is subject to variations of about 10 to 209F, as
a result of seasonal variations in the temperature of the surrounding
ground, it is determined mainly by the radiocactivity of the waste, The
approximate maximim temperatures reached by uranium wastes resulting from
slugs with an integrated exposure of 200 Mw,-days/ton and "cooled" for
90 days are as follows: :

Type of . Ma:dmum Temperature, OF,

Cascade 1st Tanle 2nd Tenk Jrd Tanlk Lth Tank 5th Tank 6th Tank
3=tank 170=100  100w125 80-1.00 - -- -
Limtank 175-180  100=125 100120  90-100 - -

Gmtank 190200  95-105 0055 85-90 80-85 70-30
The gradval decline of the terperature after attainment of the maximum

nay be illustrated by the following values for the first tank in a
threewtank cascade under the above conditions:

2y DECLASSIFIED Whamn
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Time After
Filling of Cascade Termperature, F.
2 months* S 170-180
1 year 130-140
2 years 105-115
3 years 90100
5 years 85-95

#) Maximum temperature

On the basis of the high terperature of the first tank in a cascade and
soma direct analytical data it is believed that about 753 of all radiocactive
fission products are precipitated in the sludge of this first tank of the
series, As the tanks cool, nore and more Na;_,rUOZ(GOS‘):; is dissolved by the
supernate, Tims the chemical compositlon of sludge and the ratio of hard
to soft sludge are constontly changing, tending toward an equilibrium as
the storage tanlt temperaturc approaches that of the surrounding ground.

As the composition of the sludge changes conplementary changes take place
in the composition of the supernate,

The gross composition of the stored uranium wastes is discussed in
Subsection A3, and the effect of aging on fissioneproduct radioactivity in
Subsection. Alj. _

1.4 Effect of aging on physical propertics

As the composition of the stored wastes change, their physical proper-
ties are also altered, A decline in tank temperature results in: (a) a
decrease in the amount of hard sludge and, thus, a decrease in the sludge~to=
supernate volume ratio; (b) 2n increase in the density of the supernate and
a decrease in sludge density; (c¢) a decrcase in the ratio of hard to soft
sludge. 'The propertics of gludges and supernates are discussed in more dem
t4il in Subscctions A5 and 6 below.

2, List of Stored Wastes

A 1ist of all underground storage tanks filled with uranium wastes
from the start of Hanford operations (19klL) through June 1951 is presented
in Table II-l, along with data on dates of £i1ling, sludge and liquid depths,
and uranium content,

Summation of the-data in Table II-l indicates that a total of 21, 200,000
gal, of uranium waste, consisting of about 2,600,000 gal, of sludge and
18,600,000 gal, of sapernctant liquid, have accumulated in underground store
age to June 16, 1951, Of tle 5200 tons of uranium in these wastes about
3800 tons (or 73%) are contained in the sludge, Thus the average uranium
content of the sludge is about 2,9 1b./gal., while that of the supemnate 18
about 0,15 Ib./gal, About half the uranium in each cascade is in the first

tenk of the, ggpoade. DECLASS\F\ED
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Because of the difficulty of outaining accurate measurements and rem
presentative samples on such large heterogeneous masses by remote=control
methods, the data on sludge levels and distribution of uranium between
tanks and between sludges and supexnates are subject to some’ uncertainty,
Their accuracy is estimated at about 106,

3. DBulk Constituents

The chemical components from which the uranium wagtes have been
symthesized ars reliably lmown from the Manufacturing Divisions! OpEYr-
ating records. However, the chenical composition of the sludges and su~
pernates in the several tanks of the various underground storage tank
cascades are lmown only imperfectly, from analytical investigations handi~
capped by the difficult= of obtaining by remotem~control méthods representaw
tive samples frem large heterogencous masces in the tanks.

3¢l Synthesis data

The proportions of chemicals rom which the uranium wastes have been
synthesized have chan~od slightly from time to time with modifications
of the BiPOb process first extraction cycle-procedure, The most signifim
cant of these changcs, made in January 1906, involved an approximately
one=third reduction in tha amount of HzPOL vsed per ton of uranium. The
proportions of chemicals which entered into the wanium vastes accordi
to the procedure largely followed from th2 start through January 1946(6
and a ggsding to thet followed in the mein from then to the Present (June

1951) are indicated in the table below,
Lb, /Short Ton U
Procedure Through Procedure Since
Constituent January 1946 January 1946
UNE hooo bg20
HNO 177 210
HaS80), 700 8oh
H3PO, 1107 736
Nanoy 137 210
NaOH 1673 1561
Na,CO4 3966 4056
Total 11,980 11,797

Final stored volume = about 4,000 gal./short tom U,

3.2 Analytical date

The scant information on the coﬁposition of uranium weste sludges'and
supernates is 1llustreted by the typical analytical data tebulated below
and sumarized more fully in Table II-1 ang II-3.

LASSIFIED
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. Camposition of T Cuscade Supernate(7)

(F1lled 1645, Sumpled 1948)

S Moles/Liter .
Component First Tank Second Tank. Third Tapk
U : 0.028 2.090 0.11
Na o 3.1 2.9 3.3
PO, . . 0.33 0.26 0.27
soy .. . 0.25 0.18 0.23
co3 Q.43 2.51 0.91
NO3 B 0.%. 0.77 0.60
*~“* Carposttion of Tank 101-T s1udge(T)
~ (Cascade filled 1945, Sampled 1943)
e Mols/Rg. of Sludge _ :
oo Indet, Inlet, Inlet, Cutlet,  Outlet,
e 3P prom 2 Ft. from 1 ¥, from 1 Ft. from Just off
Component ~ _ Bottom -~ . Bottam Bottom Bottom = Bottom
e o8 T w86 L. L33 L. b3
j'POl'g R S ' 1.0T 0.5 o - QLT 0.16
50y 0,20 (P 4 0.08 . 0.08 0.06
€03 026 (B3 1.3 5.3 bu
B3 - oo Not Teported —~

k., Badfvactive Constituents

the rission products formed as a result of exposure of uranium slugs in the
©"X0Q Area piles. The radioactive concemtration of the underground stored
o wranium wastes. is subject to consideratle vartation since it is dependent
.7 upen: e mumber of varisbles incInding the power level meintained in the pile,
_ *..'the period of pils exposure, and the elapsed time ( "cooling') after discharge
: - from the pile. Although e piles have been operated at various power levels

‘the greatest pert of the  wnderground stored uranjum vesteresulted from the
-proceasing of skugs which had received elther 200 megawatt-days/ton integrated
exposurs: aver & perfod of 180 days or 400 pegavatt-days /ton integrated ex-
osure. aver & period of 30 deys. The 200 megovett-days/ton material vas

rocessnd from plant. startup to, Jemuary 1949 vhile the 400 megave tt-days/ton
material vag Drocesse ' prém. November 1949 to June 1951.. The total radio-

sative fisstonproduct Content of thé pils metal 90, days after discharge
' s approximetely 226,000 and 282,500 (theoretical’) curies/
end 400-megawett-day/ton material, respectively.
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gquentity of fisgion products originally present was based on & uranium
exposure of 400 megawott-days/ton over o period of 360 days. Theoretical
or "absolute" curies as well as "countable” curies are showm for the total
beta and gamma radiation. The activities of specific isotopes are pre~
sented in terms of "countable” curies. :

A theoretical (or ebsolute) curie 1s defined as the radiocactivity of
@ source of radiation which decays at such & rate that 3.7 x 1010 gtoms
change per second. It is almost exactly the radioactivity of the amount
of redon in equilidrium with 1 gram of radium, Because of the limitations
of ordinary radiation counters, absolute curies are difficult to determine.
The "countable" curies, in terms of which most of the date in Figure II-1
are expressed, have the practical advantage of being subject to compara-
tively easy and reproducible determination, Determination of the number of
"countable” curies, in the sense in which the term is used here, involves
the "counting" of the sample under specified conditions with standard
counting instruments, such as the B.G.0. counter in use at Hanford Worﬁi.
The counting conditions are specifisd in detail in Document HW-17091 .
The counting efficlency of the standard counters, and hence the ratio of
absolute to "countable' curies, is a function of the particle (or quantum)
energy of the radistion measured. Although it is not possible to assign
exact values to this ratio, the following are Approximate values For beta
particles and gamma Tays of some typlcal energies:

Particle or , ‘ "
Ouantum . Ratio of Absolute to "Countable Curies
lEhqux;.M.e.v. ' Beta Garma
0.1 oo (not counted) 10
0.15 50 8
0.6 , 4 3
2.0 2 1.2

The conversion of "gountable” to ebsolute curies is further discussed in
Document Hy-~17091(8)

4.2 S8ludge end supernate radiochemical analyses

The radiochemical concentrations in the sludges and supernates of the
various tanks in the underground weste storage cascades, like the chemical
concentrations, are known only imperfectly since osnalytical investigations
have been handicapped by the difficulty of obtaining representative samples
of the lorge heterogencous mosses in the tanks by remota~control gampling
metheda,

The information om the radiochemical compositions of uranium waste
sludges and supernates is 1llustrated by the typical analytical data
tabulated below and summerized more fully in Table II-2,

A o ————
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Radiochemical Concentrations of T Coscado Supernate('n
(Filled 1945. Sampled 1943)

Rediochemical Counts/(Minute) (M1.)
Analysis Firat Tenk Third Tonk
Gross Bete 1.45 x 107 2.8 x 101
Gross Cemme k.93 x 10% L.03 2 1
Gross Alpha 7.85 £ 103 5.2 x 1
Ce Beta 2.35 x 108 1.37 x 107
Cs Beta 8.5 x 10V 7.39 10?»
Nb Beta 8.97 x 10% 3.67 x 10
Ru Beta 3.53 x 10 5.08 x 1P
Sr Bete 1.85 x 109 3.0k x 1015*
ir Bete 1.95 x 103 1.49 x 10
Rediochemicel Composition of Tamk 101-U Sludge(7)
(Cascade filled 19k7. Sempled 1549)
Coumts/(Min.) (Mg. of Sludge)
inlet, Triet, Talet, Outiet,
. Radiochemical L Ft. from 3 Ft. from 2.7 &, from 3 Ft. from
Analysis Bottoun Bottom Bottom __Bottom
Gross Beta 3.13 x 106 5.15 x 209 1.35 x 106 2.93 x 106
Gross Gamme 8.6 = 102 1.9 x 102 k.35 x 102 9.58 x 1@
Pu Alphe oh.k 56.2 89.0 112
Ce Beta 5112106 2.5 %107 9.35 % 100  2.26 x 168
Cs Beta 7.7 x 10 1.39 x 0% 5.38x 108  9.8x 0%
Nb Beta 1,78z 103 2.8 x 100 1.26x 10§  k.O0Tx 109
Ru Beta 8.48 z 107 1.62 x 107 3.61 x 10 8.97 x 10
ST Beta 880 = 10° .26 x 104 7.7 z 100 1.16 x 107
7r Beta 3.25 2103 4.98 x 107  1.15 x_103 4.03 x_103
Other Beta 3 x 107 2x 100 . 2x10° b x 107
{cbtained by
difference)
5. Properties of Sludges
A pumber of the physical propertles of sludges believed to be of pro-
cess importance during the removal ani processing of the underground stored
urenium westes have been reportei Tor & sample of 101-U sludge by orNL. (23)
Although the conditions under vwhich the sludge in the various tanks was
produced veries appreciadbly, tae physical properties dlscussed below for
101-U sliudge should prove applicable (for order-of-magnitude approximations
at leest) for other tanks containing sludZss.
5.1 Apparent denaity and consistency
. Twe: sypespof sludge vwere found in the sample of 101-U Tank sludges;
- meaad’h b hard sludges. Soft eludge (approximately 60 weight per

/) DECLASS\F\ED |
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cent of the sludgs anelyzed) 1s an easily slurried solid consisting chiefly
of sodium uranyl phosphate crystals having & definite needle-like struc-
ture. JHard sludge is a dense, hard agglomerate of crystalline carbonate
material (believed to be mainly Ne \UO(cO 3)3). The crystals are imperfect-
ly formed.

The sludge on the bottom of the tanks is packed down and contains less
ligquor than the sludge above, Samples taken at the bottom of Tank 101-U
contain approximately 80 por cent 8olids while samples taken at 1 foot, 2
foet, and 3 feet from the bottom contain approximately 70, 50, and 45 per
cent solids, respactively.

Consistency meaSurements were mmde on semplee of the hard 8ludge using
a "Precision"” Universal Penetromster fitted with a standerd A.8.T.M. needle.
Although consideradle variation was nocted in the hewd sludge its consist-
ency 1s approximately that of blackboerd chalk. (A 400 g. loading of the
needle gave penetrations varying from 0.4 to 1.7 mm. for hard sludge con-
pared with 1.3 mm. penetration for blackboerd chalk,) .

The density was deternined at room temperature by supernate displacement
in a graduated cylinder. The soft sludge density was found te ba-appr_oxi-
mately 1.8 g./ml, In determining soft sludge density, large lumps of hard

semple wag centrifuged in an International clinical centrifuge (30 min. at

5.2 Solubility of Principal sludge conponents

As currently planned the sludges will be romoved from the underground
stored tenks as a sludge-supernate (or, perhaps, sludge-water) slurry.
If, however, the sluicing methods provo inadequate for the removal of all
the sludge (e.g., tank heel removal, local deposits not broken up by
8luicing nozzles), techniques may oe adopted which will dissolve the
s8ludge in the underground 8torage tanks. Hence, the solubilities of the
8ludges have been Presented in the following discussion. -

Since ¥ajU05(C03)3 and NeUOoPOL are believed to be the main conponanta
of the "bard" and "soft" underground stored urenium sl ; respectively,
the solubilities of these compounds in different solvents have been studied
at various tenperatures ang Solvent concentrations, The upper greph shown
on Figure II-3 indicates the retrograde solubility (i.e., decrease in
solubility with increase in tenperature) of mahuog(co3)3 in water and in a
8olution of 0.5 M magsoh and 0.5 M Na,CO4. As indicated, the solubility of
NapU0~(CO4)4 18 Cons derably greasler ?h g 6 fold) in water than in the car-
bonata-s te solution. The solubility of NauUOe(CO3)3 in varicus solvents -
2t 30°C. 15 tabulastea belows

Solubility, g, NeyU05(C03)g/Liter

Solvent Saturated Solutioch
Ho0 143.8

0.51 M Ne~(CO3 ’ ‘ 73.6

0.41 ¥ NaHCOq 88.3

0
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On the lower greph of Figure 1I-3 the solubility of NalJOgPOy in sodium
carbonnte solutions at 28 and 50°C. is shown. AT 28°C. the solubility in-
creases with Na2003 concentration from less then 1 g. U/1. at O M Na2003 to
approximotely 53 g U/Ll. ot 1.3 M, then decrenses ot higher carbonate concen-

. trations.

5.3 Laboratory sludge solubilization botch deta(15)(16)(24)

From the dato presemted in 5.2, above, it may be noted that NauUOz(CO3)3
js more soluble in woter then in carboncte solutions while the opposite is
true for NaUOpPOL. In the smoll scale laboratory experiments for which data
are tabuloted below on effort wos mode 1o determine the relative effective-
ness of various solvents for dissolving simulated soft (NaUOpPO),) and hard
(NayU0n(CO3)3) sludges. For the experiments the synthetic sludge wus cam-
posed of 93.2 weight per cent Hcg.rUOz(CO )3 ond b.0lt wt. per cent NaUOFOL.
The volume of solvent used to dissclve %he sludge wos the amount theoretically
required to dissolve all the NahUOE(CO3)3 present in the sludge sesmple. For
a given sludge sample size, solvent voiumes 1.9, 1.5 and 0.7 times the volume
used in the water experiment were used for the Na.200 s HeHCO3,and NHuHCO:.;

" experiments, respectively. (See solubility data in 3.2 abova).

Solubilization of Sludge

Solvent 1,0 0.%2M  0.l0M  0.45 M
’ :Ta.2003 N&ECO3 NHL‘EZO3
Shaking time, hr. 64.5 €4.5 5h.5 18.5
% U dissolved 91.6 90.9 95.0 85.8
% Na.uUOQ(CO3)3 g7.2 2.3 99.7 86.’4-6
dissolved
% NalO,PO;, dissolved 0.0 68.5 . 88.8 .68
Grems NeyU0z(C03)3 13.98  6.79 8.85 17.29
dissolved per 100 ml.
Grams NeUOoPQ), dissolved 0.0 0.23 0.36 0.66
per 100 ml.

The data in the above table indicate that NaylU0p (C0O3)3 mey be dissolved
by any of the solvents while KFapCC3, N=aBC03, and NH}HCO3 are increesingly
better for the dissolution of NalUO,POL.

5.4 Pilot-plant sludge solubilization studies(15)(18)

Pilot-plant studies were conducted by the Kellex Corporaticn in a
1/80-scale waste storage tank on incubated similated vastes to develop
s method of sludge solubilization which would e applicable for use with-
in the Hanford "hot" waste tanks., In the studies incubated simulated
sludge wes placed in the tank, water wos added, end liquor was circulated
through the tenk. When the concentration of the liquor approeched saturation
(1.e., further dissolution could have tcen accomplished only with congider-
é‘!lWirculation) e portion of the liguer was withdrawn and replaced
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with an equal volume of water. wﬁén the greater portion of the vater-
soluble Na), U0 (003} vas removed, the liquor wes removed and replaced with
NEHCO3 which § 36& the NaUOEPUh and any NBHUOE(CO3)3 remaining,

above, are shown on Figure II-Lk. Run No. 3 wag conducted at approximately i
25°C. while Run No. 5 was wade at appreximately 50°C. Sludgoes were pre- '
pared for the runs by incubating simulated "eolq" waste of the following
composition for poriods of 34 ang 50 days at 80°C, vefore filtering for

C nent GramBZLiter

UNE k3.0
NaN03 k.7
S0y, ® 26.5
PO!LE 2.7
NaQH 54,0
NEQCOB 177.0

A8 expected from the retrograde solubllity data discussed under 5.2,
above, more concentrated wranium solutions were obtained faster at 25°
than at 50°C, por oxample, in Run No. 3 at 25°C. liquor containing approxi.-
matoly 40 g. U/1. wes obtaineg after only 150 hours of recirculation, while
in Run No. 5 solution containing epproximately 35 8- U/l. was produced after
250 hours of recirculation,

During Run No, 3 esscntially all of tho sludge wes dissolved at the
completion of the run. Of the 320 g. of wenium originally Present in the
simulated sludge semple, 89% was dissolveq by weter end the romaining 11%
was dissolved by NeHCO3. |

Run No. 5 wag torminated bofore all the uranium was dissolved (824 or

the 430 grams of uranium dissolved after 750 hr.). However, thers was
little doubt that complete solubilization would have been accomplished

5.5 BSludge insolubles

Silicon diozide i8 expected to be the mwejor water and nitric acid in.
8cluble component Prescnt in +the underground stored uranium sludges, It
enters the bismuth phosphate process in the slug bonding layer or as an
impurity in the various chemicals used in the procoss. To detormine an
"order-of-magnitude approximation of the 810y concentration present in the
stored wastes, anslyses ¥Were mede on three Bismuth Phosphate Plant wasts
semplea (8-3-WS) by the Hanford Works Analytical Division during October
and Novembor 1949, These samples indicated total 810y concentrations
(both soluble silicates end insoluble 810,) ranging from &0 te 220 mil14.
grems per liter. Imsocluble Si0 may collset on the bottom of the varicus
tanks during acidification ona blending or it my be seperated from solu.
tion in the feeq cenirifuge before it entors the Solvent-extraction columns,

id DECLASSIFIED
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6. Properties of Supérn&tesf‘c??))(ll)(l)("f)

The properties of Tanford stored uranium waste supernates are subject
to considerable variation since the sludge-supernete equilibrium is de-
pendent upon the temperature existing in the tanks as well as the chemical
composition of the stored wastes.

6.1 Supernate density

The densities of the supernate in the 101-T, 102-T, and 103-T Tanks
were measured in the waste storage tanks with a densitometer. The density
as well as the NalU0p(C03)3 concentration (sce 6.3 below) of the supernate
in the last two tanks of the cascede was considerably greater then that in
the first tank. The densitics existing in the tanks are listed in the table
velow together with the terperature at which they were measured:

Supernate
Density, Supcrnate
Tank G. /Mi. Temperaturc, °F.
101-7 1.1k ' 1kl
102-T 1.23. 9%

ORNIL  investigations on "hot" szmples of 101-U Tank'23) and Benford
Works investigations on simulated supernate(ll) have indicatod densities
ransihgg from approximately 1.13 g./ml. &% TO°F. to spproximately 1.11 g./ml.
at 1L0°F, o : )

5.2 Supcrnate viscosity (23)

The tempeorature~-viscosity relatiouship for a 101-U supernate was de-
tormined by ORNL. The viscosities were measured with & Fenske-Ostwald
viscosimeter. As shown by the plots on Figure II-5, the viscosities ranged
from 5.0 centipoisc at Th°C. to 1.5 centipoise at 25°C.

Viscosity measurcments on & synthetic supcrnate prepared by the in-
cubation of simlated weste solution for & months at 80°C. at Banford Works
gave & viscosity of 1.77 centipelse at 25'0.(9) The viscosity was measured
with a Saybolt viscosimeter.

6.3 Solubility of NepUGs(CO3), in supernate

As indicated omn Figure II-0, the concentration of KapUOs (€O )3 in the
hot (sometimes as high as 140 to 220°F.) supernote of the first tank in e
£i1led cascade is less than the concentration present in the second and
third tanks of the cascode (0.025 M in the first tank of the T Cascade as
compared with 0.09 M and 0.11 M respectively in the zecond and third).
This phenomenon is couscd by the retrograde solubility of NapUOp (003)_ and
incémplete precipitation in the first tenk. Although during cascadeé gilling
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most of the Precipitation takes DPlace under the high-temperature-(pre~
cipitationpfavoring) conditions present in the first tank

tion is complete in the first tank.

_ In the second tank, which is at a lower temperature since the me jor
part of the fission products are lefsy behind in the first tank, the super-
nate ‘holds more NajU0a(Co3)3 when equilibrium is attained at the lower
temperature,

7. Physical Properties of Slurries

7.1 Apparent density(9)(24)

The apparent densities of slurries Prepared from both actual and simue
lated metal waste Supernate and sludpe increased from about 1.1 to 2,0 g./
ml. as the sludge concentration ircreased from 0 to 100 per cent,

A

Increaged temperature slightly decreased the apperent density, Tbus
with an underground slurry with a Supernate-to-sludge volume ratio® of 8:1
8n increase in tempersture from 22 to 65°C, decreaged the apparent density
of the slurry from 1.13 to 1.17 g./ul. The effect of solids concentration
on the apparent density of a typical simulated slurry is presented ip
Figure II.7.

7.2 Apperent viscosity(S)(11)(14)(2h)

Apparent viscosity or consistency of a slurry is its resistance to
flow at ény given flow or shear rate and is a measure of the combined
effects of adhesion and cohesion, Tme apparent viscosities of waste metal
slurries increased with increasing solid content ang decreased with in.
Creasing shear rate, duration of agitation, and temperature,

At a constant shear rate, an increase in sludge concentration from a
Supernate-to-sludge volume ratio of L:1 to 0.3:1 increased the apparent
viscosity of a typical underground slurry from 40 to 2900 centipoises ag
measured with a Brookfield Synchroclectric viscometer with a No, 3 spindle.
The apparent viscosity of the slurry of 0,3:1 Supernate-to-sludge volume

The apparent vizcosity of an actual underground metal waaste slurry
increagsed from 19 to 35 centipoises during 10 hr, agltation, while further
agitation produced almost no cdditional increase, The supernate-to-sludge
volume ratio decreased from 7T:1 to 2,3:1 during 23 hr. of agitation due to
comminution or recrystallization of the so0lig Phase, which apparently

*) It 1s noted tnat the supernatc-to-sludge ratios given in this sub-
section cannot readily be interpreted in terms of 1iquid-solid ratios,
since the liquiq content of the sludges is not exactly kncwn{ .
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resulted in an increased liguid content of the siudge. A similar test with
a synthetic slurry of the same weight per cent solids content showed & slight
decrease in apperent viscosity (from 15 to 13 cemtipoises) during prolonged
agitation and the supernate~to-sludge volume retic did not change within. the
1imits of experimental error,

Increased temperature reduces the apparent viscosities of slurries.
For exemple, & temperature increase rrom 20 to 59°C. decreased the spperent
viscosity of a slurry of 0.3:1 supernnte-to-sludge volume ratio from 1520
to 970 centipoises, .

) glurries flowing in pipe line vigcometers had apperent viscositles
exhibiting the same trends as those observed using a Brookfield viscometer,
but the mmerical values were much lower. The apparent vigcosities of a
synthetic slurry flowing in a pipe are plotted as & function of velocity in
Figure II-8. As shown in Figure II-8, the apparent viscosities in pipeline
£1ow approached the viscosity of the gupernate at velocities above 3.5 and
7 ft./sec. in 1-in. end 1/2-in. i.p.s. pipes, respectively. As the flov
rate decreased into the viscous range the gpparent viscosity increased .

sharply.

7.3 Settling charactoristics(12) (1) {(2k)

Settling rates of waste metal slurries vary widely, depending upon the
concentration of solids, the gource of the siurry, the degree of agitation,’
and, to a lesser extent, tomperature. Reported settling rates range from 1
%o 60 in./nr. of clear solution for slurries ranging from 3.6:1 to 76:1 in

! gupernate~to-sludge volume ratio.

Simulated and actual underground metal waste slurries, each containing
the same weight proportion of solids and having en initial supernate-to-
siludge volume ratio of T:il, produced initial settling rates of 10 and 34
in, far. of cleers, respectively. After one hour of agitation, the settling
rate of the simlatod slurry increased to 25 in. /or. and the rete of the
actunl metal vaste slurry decreased %o 6 in,/nr. of "clears". After 23 hr.
of agitation, the settling rates were 13.5 and 1.2 in. /hr of clears for
the simlated end actual underground slurries, respectively, and the super-
nate-to-sludge volume ratio of the underground slurry changed from T:1 to

2,3:1 while the ratio of the simulated slurry did not change eppreciably.

The effect of temperature on settling roteg is negligible within the
accuracy of the availoble data.

7.4 Erosive chnmcteristics(l':')

Synthetic .meta.l waste slurries with a supernate-to-sludge volume rotio

of 8:1 flowing in 1/2-in. :.p.s. iron pipe ot velocities of 12 to 15 ft./sec.

hove been shown to produce less than 30 mils/yr. erosion in 90° short (1-5/8
in.) radius bends, and olmost no erosion in straight gections. Somewhot
grenter rates would be expected ot higher sludge concentrctions and in-
creased velocities.

l_Erosion retes obtained from mechanical abrasion tests with vaerious

T -
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8lurries gave the relative index listed below. The siurries vere of 8:1
Supernete-to~sludge volume ratlo, except the concentrated RAW, which con-
tained about 1 weight per cent solids.- .. - S

.

g Belat&ve Erdsion Index* -

Diatomaceous Barth = P 6
Kaolin T ST 1.6

- Simuleted Metal Waste' L 1.00
Concentrated Neutralized RAW . 0.k

* Theifialativé erosion index".1s the ratio of penetration

Per unit time of a slwrry to that of synthetic metal waste
slurry. The penetration was messured as.the meximum depth.

B. REMOVAL PROCEDURE
1. General

- -the bottom of the storage tanks. In order to epsure a uniform uranium

solution feed to the Uranium Recovery Procese, the waste removal process
involves several principal operstions; (1) homogenizetiom of supernate, -
(2)-slu1cing the sludge with supermate to obtein a slurry, (3) dissolution
of the slurry with nitric acid, (L) blending the acidified solution with

The first equipment for the removal, blending, and acldification of
Stored uranium wastes vas installed at the 241.U.101 series cescads. In
gddition to the 241.7 facilities, storege provisions for the acidifieq
wasts removed from the U-101 Cascade are installed in a new underground
vault - (241.WR) locsteq adjecent to 221-U Building. The equipment thus .
Provided is known 48 construction Phase T and i intended to Pilot oper-
8ting technigques to 2 employed in’ subsequent waste removal installations,
Construction Phase IT includes the facilities necessary for the removal
of the urenium wastes from the remaining waste cascades in 2hl-0, 7,

X, B, EX, BY, and ¢ Tank Farms. Three additional slurry accumulation,
blending, ang acidificetion units ere provided in Phase II. One is near
2k1-TX to serve the T énd TX Parms, a second in the vieinity of 241-p,
BX, and BY to serve thess areas, end a third at 241.C. ‘

In order to transfer material betveen the 200 Bast and West Areap a
Pipe line transfer system with intra-area tributaries was constructed as
Phase IIT. Additional lires to cribs and interconnections between 241.WR
Storage Vault and the 221-U ang 224.U operating facilities vere alsg An..
dtalled as & part of Phass IIT cqnst:uction.u ‘ ‘ R

A8 rreviously iﬁdicated, gtored uranium wastes will be removed
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initially from the 241.U-101 cascade. The exact sequence by which other
tank cescedes will be processed cannot be defined clearly at the present
time, since the mmber of operating sluicing arsas required to meet re-
covered metel production is highly dependent upon the success of initial
operations in the U-101 cascade. The sluicing procedure followed for re-
moval of the uranium wastes, however, is essentially the same for all
waste removal areas. The technigue for removing the waste material employs
the principal operatioms previously outlined, and discussed in more detall
below. Reference should be made to Figure II-9, the engineer's flow sketch
for 241-C Farm. The equipment shown schematically in Figure II-9 is typical
of the waste removal installetions located in both 200E and 200W Areas with
the exception of the 20-ft. tanks (TR-C-201, 202, 203, and 204 shown in
Figure II-9) which are located in 241-C Farm only. The procedure covers
the proposed method of weste removal from these smeller tanks in addition
to the larger T5-ft. diameter cascede tanks.

5. Process Description — 75-ft. Tanks(26)

2.1 Mixing of supernates

The bulk of the solids precipitated from the neutralized bismuth
phosphate wastes lie in the first tank with szall amounts sppearing in
the second tank in any weste tank cascade. Congequently, the supernatant
1liquid in equilibrium with these solids-varies from tank to tank in the
gseries. In order to insure a uniform feed solution composition for the
Uranium Rec-~very (TBP) process, the supernatant 1iquid may be homogenized

by pumping tie solution from tank to tank in series, This is accomplished

by using the submerged 600 gal./min. sludge pumps suspended in each storsge
tank, The inter-tank circuit is set up through jumpers in the cascade di-
version box. Since the sludge pumps are of a low head type which cannot
force a large solution voiume through the sluicing nozzles, the supernate
is sdmitted to each tank through & seperate inlet line. At 2 600 gal./
min. pumping rote it is estimeted thet 3-1/2 days will be required to turn
over the total volume of supernate twice to ensure odequate mixing.

2.2 Transfer of supernate .

After the supernatant liguid has been homogenized a portion ;of the
supernate is pumped to an empty weste tonk for temporary storage in order
to expose the sludge layer prior to the sluicing opcration. The transfer
of supernete is made by purping from the last cascede tank to an empty
tank (TK-TX-115 in the West Area, TK-BY-109 in the East Area) vie the
Slurry Accumulator, TK-00l. The superrete from the first cascade tenk is
then (after proper. jumper chenge) trensferred to the last cascade tank by
graduslly lowering the sludge pump to follow the liquid level until the
sludge is exposed. At .the end of t+his tronsfer, 35,000 gallons of super-
pate are allowed to remain in TK-001 for initial sluicing liquid.

2.3 Sluicing snd removel of sludge
Sludge removal is accamplished by récycling 35,000-gallon betches of

supernate from the Slurry Accummilator under cbout 100 l’o./sq.in. pressure
through either of two 1-3/8-1inch firehosc-type nozzles inserted into the

| -
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upper portion of the cascade tank through cxisting 12-inch tank nozzles,
Each nezzle has a capecity of ebout 500 gel./min. at 100 1b./sq,in. inlet
bressure and mey be remotely adjusted for azimuth and elevetion so that
its atream may be directed for maximm sluicing efficiency. A motor-
opérator is provided which may be attached to the azlimuth adjustment mech-
anism on either nozzle to ceuse 1t to scan slowly within a predetermined

angle.

As the sludge 1s broken up and slurried by the sSluicing supernate,
the resulting suspension is removed from the underground storage tank by
the sludge pump and discherged to the Slurry Accumulator. The liquigd in
the Accumulator ig then recycled back to the sluicing nozzle until a
slurry is produced which contains sufficient solids for charging the Blend
Tenks, TK. -002 and 003. Liquid level control in the Slurry Accumulator is
maintained by opposed-action, eir-operated diaphragm valves located in the
sludge pump discherge and by-pass line. The valve action is such thet a

CFG

§§§ throttling ection on the pump discharge valve caused by high level in the
e Accumulator will open the by-pass valve, and discharge slurry back into the
S underground waste tank being processed. The sludge pump meintains e mini-
23 o solution level above the sludgs in the casceds tagk foo optimm slwic-
%m§ ing efficiency. This operation may be observed by meens of an 1lluminated
é§§ 2.5-pover periscope inserted into the top of the tank.,

During the slulcing and removal o= sludge from the firat tank of a.
cascade, the Supernate from the second and third tanks is consumed in

cagcade tanks, the supernate originally transferred to an empty cascade

tank 13 returned to the last tank in the cascade being processed via the
S8lurry Accumulator, It is expected that three tanks in a cascade can be
emptied in about 80 days, and four tenks im 120 days; thus maintaining a
Production rate of 5 tons/ﬁay of uranium in acid solution per ares.

2.4% Transfer ang dissolution of slurry

The 50,000 gallen Slurry Accumuleticr is equipped with baffles and hes
a hold up capacity of about one hour, During the sluicing operation some
concentration of suspended material will oceur through residence time
settling., When the solids in the slurry reach a uranium metal concentra-
tion of 75 to 100 grams/liter, es indicated by welght factor and specific
gravity instrumentation, recirculation is stopped. 1In addition to the
bubbler type weight “actor and specific grevity instrumentation, a atrain
gauge which relatcs Ceilection of the +tank supports to weight of the tank
and its contents is rrovided to supplenmcnt welight factor neasurements., 'The
slurry is then agitated ang transferred batchwise to the Blend Tanks by
means of one or twe stoam Jets, cach discherging into a separate 15,000
gallon dissolving ang blending tank,

Prior to the transfer of slurry from the Accumulator, the Blend Tanks
are charged with nitric acig from Nitric Acid Tenk, TK-004, in an amount
sufficient to provide the proper acidity for a batch of finished feed.

v .
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solution, and the required amount of slurry is jetted into the acid. The
pddition of slurry is made to the acid In order to control the rate of
carbon dioxide evolutioa resulting from the acidification. Severs foeming
would oceur in the Blend Tanks if nitric acid was added to a batch of
slurry. Agitation and cooling through cooling coils is provided to insure
prompt dissolution of the selids end removel of heat of reaction (ca. 24
B.t.u./lb. of slurry), Ca.bon dioxide and other gases released during dis-
golution are removed through glags-wool filters and discharged to the atmes-
phere through a stack. ' ‘ '

When dissolution is complete, clear supernate is added to the Blend

Tanks from one of the cascade tanks to adjust the dissolved slurry to the
required metal concentration. The finished blended solution is removed

" from the Blend Tanks by submerged pumps which discharge through the master
diversion box into existiny underground piping in the West area farms, or

~ through lines provided from the East area farms, to four feed storage tanks
in the le-WR diversion station. For esch waste processing system in the
Fast area (241-BXR, 241-CZR) e 50,000 gallon Process Pump Tank TK-0l1l has
been provided for surge capacity while pumping the acidified solution at a
" constant rate to 241-WR storage facilities.

3212395005

The acidification step is treated in more detail in Chspter III.

2.5 Removing storage tank heel

After all of the sludge in a cascade has been removed to the minimum
punp suction level, 2 ateam jet inserted through a hole in the center of
the tank dome removes substantially all of the remaining meterial reposing
in the dished bottam of the tank. The jet discharges directly to the

Slwrry Accwmulator, by-pessing all diversion boxes.

3. Process Descriptiol-=- 20-Ft. Tanks

In the cese of the four individusl 20-f%t. diemeter tanks in the 241-C
Farm, the waste removel system ls designed for a somewhat modified schedule
of operation since jets are used instead of pumps to remove the slurry.

3.1 Removel of supernate

The recovery of wastes from these tanks is scheduled between the com-
pletion of operations in tho TK-C-101 coscode and the start-up of cpera-
tions in the TK-C-10% cascede. & “heel” left in the Slurry Accumulator
from the preceding TK-C-1Cl cascade operation is used 28 the prime mover
for the liquid sludge jet in TK-C-201. The sluicing nozzle valve is
closed and supernate is Jetted to the Slurry Accumulator. As the liquid
‘level in the Accumulator reaches & near-moximum level, the additional
supernate is jetted from the Accurmlator into the Blend Tonks which have
been cherged with nitric acid. The acidificd supernate is transferred to
the 50,000-gellon Process Pump Tnnk and held for blending with subsequent
charges. _ '

o
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3.2 Sluicing and removal of glud e

After the.

in this instance for both sluici

det.

o
i e

sludge hos been uncovered, the valve to the sluicing nozzle
is opened end the sluicing operction is carried out. 3Superncte is used

+4

3.3 Transfer and dissolution of slurry

ng and a8 the prime mover of the asludge.

Upon completion of the sluicing operaticn, the eludge-laden material
in the Accumulator ig Jetted to the Blend Tenks for dissolution in nitric
acid. A heel is left in the Accumulator to prime the Dump for supernate
remeval from the next tank (TK-C-202). The dissolved material is pumped
to the 50,000 gallon Process Pump Tank whera it is blended with subsequent
betches until the Pump Tank is full, Transfer is made to the 241-WR stor-
age tenks via the Ecat-lesgt underground lincs,

manner,

Therremginingltanks'(TK-C

i, Pogsible Difficulties and Remedics

The dééién.of the ﬁaste removal facilities was bas

 "know-how" and
Apart from the
§lurries which

applicable development work was D

asscmblages of equipment belicved capabl
studics made on the propertics of sludge
are discussed in Scetion 4 of this Chapt

=202, 203, 20L4) are procesacd in the same

ed meinly on

¢ of doing the job.
8, supcernates, and
er, no closely

ursusd upon which design coyld be bascd,

_ Perhaps the single most important potential difficulty confronting
the waste removal operation is the plugging of lincs, n
with nodules of nLaord sludge known to be present in the underground tanis.
The fact thot thesc bBarder moterinls are soluble in wat
carbonate golutions, will allow the judicious use of th
agents to attempt o remedy for an cquipment stoppoge couscd by plugging.

The erosive and corrosiv

consideration during design. No difficultiss are antic

of pipe, since

the penetration rate ot the f1uid veloci

are sufficiently low thct the pipe will ocutlast the slu
ny cascode. Importent known potential mechanical diff

been precluded

vherever possible in the design of agito

the use of Proper scals ond becrings. The,remedicl mea
of mechonical failures will have to be bascd on fiela

the corrcction
observation.
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. Table -2 o
FISSION-PRODUCT RADIOACITIVITY AS A FUNCTION OF AGE -
Source of Data; HW-17081 - . . . o, ' ‘ .
Basis: (a} Pile metal at 400 megawatt-days fton a .
integrated exposure over 380 days,
(b) Radiosctivities are stated per short )
ton of uranlum, *
" ' : ; ' " ' f nCooling" , After 12 Years "Cooling”
Ratio 'C%u.%?f._%—‘:l‘:% Iﬁﬁﬁ?@%ﬁm 5. : :f:’:' l:;‘"‘ C::llin.r uries Ton Xbs, c;u:;.::;-:o:eu';g.ﬁ_mg‘:,;g; TTon . Abs. C;I:xr;:;':o:eu‘Coi::.ul(‘:"uries['ron Abs, C‘:rt:;;l"::q’ C(i)unl. gurles[Ton Abs. Curies/Ton Count. Cilrxes,'Ton
Isotope Half Life Beta(b’ Gamm::(d) Beta Gamma Beu(‘) Gamma(c) Beta Gamma Beta Gamma Beta Gamma Beta Gamma Beta Gamma Beta Gamma Beta Gamma Beta Gamma Beta Gamma Beta Gamma
589 54.5 days 1.33 -- 14, 090 .- 10, 635 - . 385 .- 280 -- 5 - 4 - .- - - - - -- .- -- -- -- - --
sr-y™ 25 yr. 1.78 -- 2,680 - 1,530 -- 2,640 - 1, 500 -- 2,565 | -- 1,456 . - 2,427 -- 1,378+ -- 2,113 - 1,230 -- 1,943 -- L34 --
v 57 days 1.30 -- 17,725 -- 13,635 - 855 - 425 . o -— . 5 - - .- - - - -- .a -- - -- .- --
65 days 6.76 5.0 22,180 41,600 3,280 8, 360 1,040 1,880 157 400 24 45 4 9 aa - - - - - - - - -- - --
38.7 days 32.30 2.5 37,630 38,100 1,150 15,450 2,740 2,770 80 1, 10 58 9 - 2 24 .- -- -- - - - .- . - -- - -
3 45 days 5.00 3.0 7,180 3,590 1,440 1,200 ) o2 45 20 . 15 -- -— - - - - .- - - o - - -- - .- .-
Ricre'®® 200 days 103 1.5 2,230 770 2,160 s0 1,130 0 1,095 260 © 485 156 470 1o 84 29 8 19 3 1 3 i - - --
h‘,g 130 days 1.54 -- 80 -- 55 - 17 - 10 - 3 - 2 - .- .- -- .- _— - - -- - -- “n --
ik 2.1 yr.  8.90 7.0 60 80 10 - 8 49 5 1 38 38 5 5 23 23 3 3 8 8 1 1 - -- - -
ugTe!? KT days- 120 7.0 356 1,620 455 270 1 4 t 1 - .= -- -- - - - - - -- -a - -- -- - --
tE78a!%" 33 yr. 4,50 2.1 1,220 1,140 270 420 1,200 1,120 266 415 1,173 1,080 280 404 1,127 1,050 250 3se 1,033 964 230 asv 853 887 212 329
Bal'm 12.8 days 2.47 3.0 430 uo 170 -- - . - L - - - , - . - .- - E—. - - - - - .« -
La't0 1.68 days 146 L5 540 560 360 180 - e - - " - i - - - - - - - - " - .- .- .-
ce!V 28 days 6.06 10.0 6,310 6,240 1,045 ‘840 5 5 1 1 - - -- .- -- -- -- -- -- -- -- -- -- -- -- -
Prus 13.8 days 2.56 -- . 620 - 245 - - - - C e -~ - — - - - — — - _— _— —- -— -— - -
Ce- Pl’l'H 275 days 1.83 10.0 . 47,270 22,720 25, 815 2,210 23, 630 11, 380 12,900 1,140 8, 400 4,518 5,135 453 1, 486 120 809 72 37 18 * 20 2 1 1 - -

- xd’ 1.8 days 3.05 3.0 100 65 35 - -- - - -- - - .- - - . - - - - - - - .- - -
pm't7 3.7 yr. 16,70 -- . 4880  -- 0 -- 400 - 240 - 3,372 -- 202 - 2,321 - 139 - . L0 - 65 -- 518 .- al -
Sm”’1 20 yr. 0.00 -- 160 -- - -- - 160 -- - - 155 - -- -- 145 - - -—- 126 - A - .- 110 - -- -
Eu'?? 2 yr. 28.60 12.0 90 80 -- - .1 70 -- -- 18 48 -- - - 25 5 - -- 6 & -- - 2 2 -- -

Total 165,845 116, 665 62,570 28,480 37,724 11.1'93 17,000 3,350 17,333 5,964 7,545 1,005 7, 654 1, 847 2,660 480 4,480 1, 000 1,550 350 3,523 890 1,387 azg
Total {Beta + Gamma) 282, 510 92, 050 55, 517 20,350 23,281 8,550 9, 501 3,140 5,490 1,910 4,413 7 Le

NOTES: : ‘ :
(») The countable beta curie Is defined by cpuntin; each isotope under the following conditions;

{1} Using a counting Instrument which operates through & 3 mg: /sq.cm, window. (Under this conditlon the beta ray absorption
loss In the window will range from 48% for 0.15 M. e, v. particles to 10% for 0.6 M.e.v. beta particles), Such a counting instrument
may be of the mica-window, Geiger-Muller type.

{2) Taking the counting measurements on 100 mg. /sq. cm, sample. (Under this condition the beta ray self abgorption loss

in the sample ranges from §6% for 0.15 M,e.v. particles to 72% for 0.6 M, e.v. beta particles.) ’ B
{3) Adequately correcting for all other counting variables, such as geometry, etc. . -7
{» Countable beta curie factor for each isotope {obtained by applying the above conditions}, The countable beta curies are obtained by dividing : o .
the calculatfd absolute curies by this factor, . ' p
(c) The countable gamma curie is defined by counting each isotope under the following conditions; AR ‘ . ) . ‘( i

e

() Taking the counting measurements on a 100 mg. /sq.cm. sample, Lo
{2) Using enough shielding (1.8 gm. /8q.cm, of aluminum) to shield the maximum energy beta rays (3,55 M.e.v. for Rh
counting instrument, - - . ' - .
() Countable gamma curie factor based on (a) snd (b) above. 1t may be noted that the countable gamma curie factor is considered less exact

than the beta curle factor because there is less experimental data upon which to base the gnmma factor.
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COMPOSITION OF URANIUM WASTES IN UND;E:RGROUND STORAGE TANKS

Source of Data; HW-14157

Non-Radioactive, Constituents Radioactive Constituents
Moles [Liter for Supernate; Moles/Kg. for Sludge ' Counts[Min. /M1, for Supernates; Counts/Min. /Mg. U for Sludges
5 f Sampl Date ‘ Mol Ratio  Grogs Gross Gross . Pu Otheif)
ource of Sample Sampled U Na PO, SO, CO, NO, Bi U/PO,  Beta Gamma Alpha Alpha Ce Beta Cs Beta Nb Beta Ru Beta Sr Beta Zr Beta Pm Beta Beta
101-T Supernate 1-41 0.0282  -- 0,405 0.296 -- - <107t o.070
101- T Supernate 8-47 0.0244  -- 0.3689 - -- -- -- 0. 086 4 6 5 3
-101-T Supernate 11-48 0.0282  3.06 0.33 0.248 0.45 0.58 0. 085 1.45x 107  4.93 x 10* 7.85x 10° -- 2.36 x 10° 8.59 x 10° 8.97 x 10 3.53 x 10 1.85 x 10 1.95x 10 - -~
102-T Supernate 7-47 0.101 -- 0,33 0.282 -- -- <107t 0.3
10° - T Supernate 8-47 0. 0916 -- 0,304 - -- -- 0.30
10:-T Supernate 11-48 0.0803 2.982 0.263 0.177 0.507 0.771 0.343
103-T Supernate 7-47 0.2 - 0.358  0.260 -- -- <0t 033 ) :
103-T Supernate - 8-47 0.103 “- 0. 341 -- - -- : 0.302 8 5 4 5 &
103-T Supernate 2-48 0.1 3.31 0.267 0,225 0.812 0.603 : 0. 416 2.82x100  4.03x10° 5.20 x 10° -- 1.37x 107 7.39 x 10° 3.67 x 10* 5.08 x 10 3.04x 10 1.49x 10 5.20 x 10 Lx10
. ~ : 4 3 6
103-U Supernate 2-49 " 0.084 1.48 0.105 o.115 0.33 0,37 0.80 7.40x10% 1.6l x10* - 1L56x10° 1.10x 108 3.54 x 10° 7.12 x 10:; 1.35 x w: 9.90x 10, . 1.47 x 10, -- Lx 10/
103-U Supernate 2-48 . 0.084 1. 61 0.105 0.115 0.30 0.39 0. 80 6.42 x 10 1.76 x 10% .- 1.63x103 104 x108 3.76x108  B.48x10 1.40 x 10 2.70 x 10 1.38x 10 -- 2x10
: . 3 4 - 5 3 5 5
101-T Sludge I-7? 6-18 0.471  5.04 L1 0.25 0.05 0.82 - . 0. 406 .70 x u;l;i 5.80 x 10% 1.44 x 10% -- 9.10 x 103 8.24 x to* 5.05 x 102 425310, 2.24 x 107 3.36 x 10 1.49 x 10 3x 10
101-T Sludge 1-? 2 6-48 0.563 3.7 1.4 0.23 0. 02 0.26 0.399 2.15x10 3.68 x 102 1.51 x 102 - 7.22x10 3.59x10 - 1.46x10 3.09 x 10 3.92 x 10 4.75x 10 -- 1x10
101-T Sudge 1-3%3) 11-48 0. 681 4.52 .35 <« 0.20 0.263 .- : 0.504
101-T Sludge [-2' 11-48 0.857  5.04 1.07 0.125 0.427 -- ' 0. 801
101-T Sludge I-1t 11-48 1.53 5.96 0. 505 0.08 1,92 - 3.03 )
101-T Sludge 0-11{?) 1-48 1.45 6. 57 0.170 0.08 4.25 -- 8.5
101-T Sludge O-Bottom  1i-48 1.53 6.35 0.18 0.06 4.38 -- 9.6
. : ‘ . 4 4 3 5
101-U Sludge -4 2-49 1.38 5.52 0. 584 0.0292 3.02 0.03 2.16 . .13210°  8.e0x 10’ -- 94.40 2.1 x 108 7.74x w: 118 x 102 8.48 x 10 ,8.80x10° 3.25 %10, -- 8 x 107
101-U Sludge 1-3 2-49 L1l 4.09 0.52 0. 0214 2.11 0.05 2.13 5.15x 105 1,49 x 102 - 56.20 . 2.46x 108 1.3 x 10 2.88 x 102 Le2x 104 - "4.26x10% 4,98 x 102 -- 2 102
101-U Sludge -2t 7% 2-49 115 5. 35 0,56 0.0265 2,70 0.56 2,08 L.35x106 4,35 %102 -- 85. 00 9.35 x 105 5.38 x 104 L26x10 3.61x10 7.74x 10 1.46 x 10 " 2x10
4 5 3 ) 5
101-U Sludge O-3' 2-49 112 4.70 0.55 0.0316  0.88 0.03 2.04 2.03x10% 9,58 x 10 -- 12.00- 2.26 x 10°® 9,48 x 10* s07x10°  -8.87x10 1.16 x 10 4.03x10 -- 4x10
- ‘ A . : ) 4 5 3 5
102-U Sludge 1-1" 2-49  0.445  4.74 143 0.0528 1.15 0.05 0. 311 1.75x10° 5,42 x 10 - 198. 00 1.16 x lo':., 5.00 x 10* 1.38 x 10* 4.86 x 10, 1.56 x 10 1.46 x 10, - 3x 103
102-U Sludge O-1v 2-49 0.639 ©  3.70 L1 0. 0865 1.50 0.03 0.576 4.07x10% 164 x10% - - 50,00 2,742 10 2,42 x 104 2.85 x 10 1.83x 10 4.88x10 1.70 x 102 -- 1x10
Legend: | NOTES: A ' .
{a} 1 - Inlet sample; dimension is depth of sample measured from bottom of tank, ‘ (3) Counting Conditions:
{b) O- Outlet sample; dimension is depth of sample measured from bottom of tank, Alpha: Simpson proportional counter, 52% geometry.
Beta; Mica end-window G-M; 10. 2% geometry.
-

Gamma: Mica end-window G-M; Al-Pb-Al sandwich on first shelf, sample on
second shelf; geometry not stated,

. . . .~ (b} To convert the stated counts to microcuriés {per unit volume for supernates, per uniy’
. welght for sludges), multiply beta counts by 4,45 x 10‘5 and alpha counts by 6.7 x 10-7,

{(c) By difference.
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- : SPECIFIC FISSION PROTWCT TECRY CUFVE

s Source of Date: HW-17051
Besis: 40O Megswatt-Imye/Ton Integrsted
Brposure Over 350 Teys .
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HW-19140

FIGUREII - 2
VARIATION IN SLUDGE COMPOSITION WITH DEPTH

SOURCE OF DATA: K-337
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Figure II-3 _
SOLUBILITY OF SLUDGE COMPONENTS'

SOLUBILITY OF Nag UO2(CO3)
EFFECT OF TEMPERATURE & OTHER IONS

0.30~ T ‘T Source of Data: M-4238 — =1 =
.25 f\‘< ) B e Bt
5020 ~CEGEND H\&h‘ﬂxﬂ ~
Q o
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- EEE&SS;}'@ HW- 19140

ure IT- 4
DISSOLUTION GF SLUDGE FROM INCUBATED
SIMULATED WASTE -

RUN N® 3 AT ROOM TEMPERATURE

Incubation : Source of Data: INDG -368I
34 Days ot 80°C.
| B
50 =
- B |B
T T L8 ///
] A
s A
A ‘ |

=2 -
o | ; A
= 30 // ,/ k / s
TR H . ‘ ! i |
o { ! ! | |
5 / | } LEGEND R
w20 A. Added 000 MI. HQ i +
'é \ B. I000MI. of Liquor Removed .
g } ~ 1 -1 8 Replaced By I00OMI. Ho0 | —I

L | | | C.Removed All Liquor & Replaced | | L
> 10f—- —— i By 3000ML of IM NaHCOy | '/ |

| 2000Mi. Hy0 | ~ T A VA
/ Added To Dramed Sludqel [ o T
o 3 TR T T T

7 8

TOTAL TIME OF RECIRCULATION, HUNDREDS OF HOURS

RUN N2 5 AT 50° C

Incubation: f . R
50 Days at 80°C. Source of Data (:?&C_?gg:)

{40[ A [—'|°

© 35 i s D T H

s/ A LT TR

S 28 v /-E/?[w |4
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8 ol |~ ] 1 /

= 5[. _ _ I F —t ]
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TOTAL TIME OF RECIRCULATION, HUNDREDS OF HOURS
LEGEND

Volume Reduced to 2000 MI. Added
1000 M. H,0.

Pump Folled. All Liquid in Tank.

Volume Reduced %o 2000 MI. Added

1000 MI. H,0.

Volume Reduced to 2000 MI. Added

1000 ML. H,0.

All Solution Removed. Added 1000OMI.

Hy0.
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F.

G.
H. Voiume Raduced to 2000 MI.

Volume Increased to 2000 MI. &
Made 1.25M in NaHCOs.

Added 1000 MI. 125 M NoHCO;-

Added 1000 MI. .25 M NoHCO4-
All Solution Removed. Added

3000 Mi. 1.25M NaHCO,.
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CENTIPOISES

VISCOSITY,

HW-i9140
Ig. I [ [ -
a'c l FIGURE @1 -5 | ’
7' VISCOSITY OF SUPERNATE AS A FUNCTION h
e‘ OF TEMPERATURE | » |
' SOURCE OF DATA:O RN L -724
50— | .
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20 l :
.
25°C.
I -
-~ |
09— .
o8 49°C ‘ '
Qa7 = ' : (101-U) Su
- e & Hantord (0101 Sunerncre
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Q3 — — J— —
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al i
28 29 . 30 3l 3.2 33 34 35

103/ ( TEMPERATURE, °K)

DECLASSIFIED




32123940066

FIGURE II-6

SOLUBILITY OF Ng, UO, (CO5)5 IN

i . ' . . e
ot
+,

HW-19140

- SUPERNATE AS A FUNCTION OF TEMPERATURE

SOURCE OF DATA : HW- 14157, GEH-12988
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Fizure II =7

APPARENT DINSITY OF SIMULATED MITAL WASTE SLURRIES
E*FaCT OF SOLIDS CONCENTRATION

(Deta Zrom EW-18267)
Meterial: Supernate and sludge fron simulated netal waste
— (initial composition; C.2¢ M UNH, O.U0 M NaPOy, 0.25 M
N2S0y, 0.97 M NaCO=z, 0.18 M XaNOg, 0.3} NeHCOz),
incubated 5 months at 80 Y59 G, - i
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Geﬁtipoiaas

o

Apparent Viscosity,

".'l‘

Figure 1I-8

APPARZNT VISCOSITY CF SYZ THEETIC METAL WaST
EFFECT OF VELOCIZY IN PIFES

SLUARIZS

(Data from HW-17775)

Test Method: FPipeline viscometer, Apparent viscosities were
calowated from pressure drop versus yelocityr Zdata, using
a Reynolds Yo. curve prepared from sugernate calizration
daza, ané assuning the supernate to have a2 constant
viscosity of 1.77 centinolses,

Material: Supernate and sludze from sinulated metal wastz
initial composition; 0.29 K oNE, 0.1C ¥ ZaFOL, 0.27 X
¥a5Cu, O. 07 ¥ TaClz, 0.16 ¥ YalC:, 0.3 Y ¥at co:),
jncubated L months at £0 ¥ 59 C.°
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PART II: PROCESS, continued
CHAPTER ITI. FESD PREPARATION
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CHAPTER TII. FEED PREPARATION

A. ACIDIFICATION

1. General

Approzimately 23 million gallons of waate containing 5900 tons of
uranium metal will have been accumulated as of January 1, 1952, in the
Underground Storage Tenks of the Bismuth Phosphate Plant. Originally
highly acidic, these wastes have been neutrzlized with NaOE end NapCO3,

and during the subsequent period of storage they have formed complex pre-
cipitates of sodium uranyl carbonates and phosphates, which have been de-
posited in strata as a function of their relative solubilities. A discus-
sion of the origin, nature, and characteristics of these stored uranium
wastes is presented in Chapter IT. :

In the process of removing the waste from underground storage (pro-
cedure discussed elso in Chapter II) the sludge and the supernatent
liquid are mixed to form a slurry or suspension representing es closely
as possible homogenization of the contents of each tank cascade. This
slurry is treated with 50 per cent nitric acid to dissolve the solids and
produce & homogeneous solution, which may then be used directly as the
aqueous uranium feed to the solvent-extraction battery, or may be concen

- trated and further treated as desired. :

The stipulated flowsheet conditions, e.g., Flousheet TEP-EW No. b,
are idemlized compositions representing sludge and supernate slurried in
the ratio in which they exist in the Uhderground Storage Tenka. (The
over-all sludge-to-supernate volume ratic is estimated to be ebout 1 to
7). 1In actual practice, the compositione aveilable may vary between the
limits of all sludge to all supernate, depending upon the success of the
s8luicing operation in the homogenization of the liguid and solid phases.
In the event it becomes necessary to use water as the sluicing agent, feed
streams for the acidification procedure will then consist of (a) supernate,
end (b) weter-slurried sludge. ‘

The following table presents the compositions (before acidification)
of (a) sludge, (b) supernate, end (c) slurried sludge and supernate com-
bined in the proportion necessary to meet flowshset specifications. The
sludge presented in this teble is e meterial of high density (ca. 2.6
g./cu. cm.), which when slurried with supernete in the ratio of 1 volume
of sludge to 15.7 volumes of supernate, gives the combined composition,
as shown. It is recognized that eppreciable deviations from these com-
positions will be encountered in individual tapks {and cascades) 28 a
result of d&ifferences in aging periods as well as the altorations in the
bismuth phosphate process flowsheets which have been made from tima to
time, and which have thus cffected corrosponding changes in the westo
composition. (Seo Chepter II for more complote information)
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Composition of Slg;gx‘ Sludge, and-Sggernate
Before Acidification

Combined
Sludge and Supernate

B .
%

Component: - (Slurry) Suﬁernate : Sludge”™ |
N ! _N_I GctLa» LbatGal. E{- Gc Ilc Lbo' Galn E G‘c/IJa Lbo/Galo

v 0.26 61.9 0,50 0.08 19,0 0.16 = 3.1. 733 4.1
Nat ’ 3*93 90-)4' 0.75 3-33 T6.6 0.64 13.14- 307 2.56
BO,"3 . 0025 23.7 0.20 0.20 19.0 0,16 1.0 95 o.79
802 0.25 2h.0 0.20 0.26 25.0 0,21 0.1 13 o,11
€032 0,70 43.0 o0.36 0.49 29.3 o0.24 Lo 281 2,01
NO3™ 0.66 140.9 0,34 0.85 52,7 0.h4 6.3 391  3.26
C1 0.02 0.88 0,01 - - -~

0.02 0.7 0,01

“Estimated density of 2.63 g./cu. ¢m.

The acidification step may be eccomplished either by the addition of
acid to the slurry (the direct strike), or the addition of slurry to the
acid (the reverse strike)., For reesons explained under A%, below, the
reverse strike was selected for the acldification Procedure.

A tabulation of the compogition of acidified feed is Presented below
as e function of the type of uranium waste being processed, The compo=-

Aversge Composition
Of Slurry, Sludge, and Supernaote After Acidification %
i
Combined !
Sludge and Supernate ; Water Slu;;ied
Component (Slurry) Supernate Sludge

¥ G./L. Ib.JGel. "W G./L. Lb./Gal. M G./L. Ib./Gal. -

U 0.20 47,0 0.40 0.1% 33,3 0.28 0.38 90.k ~ o0.75
Na* 3.00 69.0 0.58 5.72 132 1.10 1.66 38.2 0,32
P73 019 180 0.15 0.4k 32.3 0.27 0.2 11.% 0,095
S0, 0.19 18.o 0.15 0.4  Lo.o 0.35 0.01 1.15 0,01
Nog 3.59 206 1.88 S.1% 319 2,65 3.7 234 1,95
L 0.017 0.6 0.005 0,034 1,21 0.01 e aw -

i 2.0l 2,00 0.017 2.01 .01 0.017  2.01 2.01 o0.017
Free

INOg 1.06  66.8  o0.56 0.11 6.93 0.06 1.63 103 0.86

HNOg 1.8 115 0.96 1.67 105 0.87 1f89 119 0.99
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*) Aciaified to 1.0 M EY followed by a two-fold concentration (%o
0,14 EU)" to permit a higher production rete. This represents the

 peximum degree of concentration possible since further evaporation
produces a solid phase. (See Chopter IV.)

**) glurried with water to give e uranium concentration of 0,50 M before
acidification,  Although not necessarily the optirmm feed compoe
gition, this represents an sttaineble and desirsble feed, The maxie

" mum uranium concentration perniseible will be determined golu-
bility relationships which have not been defined for U:POy ratios
thet ere significantly greeter or less than unity. (See Chapter IV.)

The three cormonly used methods of exprésaing the meidity of dlssolved
uranium waste are defined as follows: , ‘

(a) I+ 4is the total hydrogen ion concentration in solution, with
TiHog, H,S0y, and HyFO), considered as being 100 per cemt ionlzed.

(b) Free HNO, is the total hydrogen ion concentration, less twice the
sulfete and three times the phosphete concentration, and is based
on the following compounds in solution: .

ENO,, E,S0y, HgPOy, NellOg, end U0, (NO3),,

(c) Titratable HNO, is the total hydrogen ion concentration, less
.. the phosphate éomentratiorn, and is besed on the following

compounds in golutior:

2, Stolchiometry

The molecular specles existing in the sludze are lergely complex
sodium uranyl phosphetes and corbonates, The following typical reactions
occur on acidification:? :

(a) NayUo, (c03)3,’-§¢ sm03 -—-> LNeNO3 + 1;102,(11*:03)2 +__31120 + 300,
(b) NelO,PO, + 3ENOg ——r Nam3 + 002(N03)2_+ H3P0h.

The nitric acid required (on the basis of thesc resctions) &and the
amounts of €0, evolved are pregented in the following taeble ss & functlon
af the type o% uronium woste being processed. The date are based on the
recovery of 10 short tons of uranium per sl-hour dny. The slurry dissolu-

_ tiom rate correspopds to 5o’ pounds of uranium per minute, this value being
.. derived from the homogenized slurry addition retc to the Blend Tank of 100
gallons per minute. The final acidity is 2.01 M O+t for the resultant soclu-

—

tion of slurry and water-slurried sludge, end 1.0 M 1t for the supermate.
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Hho-i Reqﬁifemnts and CO, Evolution

Type of Uran{um Waste Processed

_ : Water-Slurried
Slurry Supernate Sludge
(0.26 MTU) (0.08 M U) (0.50 M U)

Rete of Feed Addition, 100 . 325

. 52
Gal./Min. for S.h Er. /Day.
Amount  of S0% HNO; Required 12,500 20,500 6,000
Per Day, Gellons. ‘
e CO> Evolution During Feed 230 520 110
e Addition (Reverse Strike),
e « Pt.Min,
i The evolution of CO, is imiform under reverse strike conditions s but at
:.»; ths same slurry disgolution rate under direct strike conditions (0
£ evolution reachee a peek vwhich is estimeted to be three times as h:f.g!:t(:L3J

3. Eesf.s— Evolutim -

- The: heat evoired. in the acidification of slurry (7-to-1 supernate-to.
sludge vol‘m ratis) iz about 13 gram-calories per gram of slurry or 23.4
B.t.u./in.\. ) - This corresponds to a tempersture increase of 15°C.. under
adiabatic conditiomer_ Lo . o

oy

% Methods of Addttiow end Course of Physical Changes

“Am pravicusly ata,tad:, two methods of acid additicn vere considered
which were (a). the direct strike (addition of acid to the alurry), and .
(b) :

disadvantages of the direct strike are (a) ths formation of a: highly
viscous intermediate state, (b) the high peak evolution of Oy, and (c)
excessive foaning.. - These: undesiralile canditions are avoided in the re.
verse strike, which wes therefore selscted as the optimm opersting
Procedure. - ;- B v WAl e o ‘
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shown in Figure 1II-1. Precipitation of the ureniun begins et a pH of 9
on? results in o highly viscous suspension at o plf of 1. The gharp break
which occurs between the pE linits of 1 to 4 hes been proposed os ? iup-

" plemental rethod for controlling the finnl acidity of the solution 6 ’
Under roverse strike conditions, the solution remnins scid throughout the
2issolution period, decroasing from the origimal 13 M (60%) to 1.06 M
freo ENOs. '

4.3 Foanming

Fooning 1s slight under rcverse strike conditione. At & alwrry
gddition rote of 100 gnl./(min.;(sq.ft.) of acld surface area, the foon
height is less then one inch'13/, In comtrast, on ropid addition of
acid to slurry, the resulting nixture increases to 7 to 10 times its
original volume as o result of fomm formetion. '

5, Method of Control

| 5.1 Introduction

The dissolving step is sc controlled that the resultant feed solution
for the RA system oxhibits the paximmm stebility with the nininum excess
ecid contemt. Too low an acidity (i.e., the addition of too much slurry
to & given volume of 60 per cent HNO ) results in & gsolution from which
precipitates will be Pormed cs o funétion of time depending upon the
finel acidity, €.g., &l ncidified to 1.8 M I+ is stable only for e
period or ebout 12 days'l?). Since facilltles exist ot the 241-WR Diver-
gion Vault and in the-TBP—Planm~(Building'aaldU) for the detection end
ad justoent of the acidity, it is essential only that sufficient HNO; be

Jutlion

" .present during the initial acidification to meintain a stable so

for the period of transfer from the Blend menks to the 241-WR Diversion
Vault. On the other hand, the use of excessive amounts of ascid {greater
then the final 2 M EY concentration required to give an indefinitely stable
solution) is economically undesirable and has alsc been shown to be un-
necessary from both the chemical and operational standpoints.

5.2 Turbidity

A turbidimetric method is used to control the Pinal acidity of the
soluticn. - The rate of dissolution under roverse gtrike conditions is
very rapid, and thus the chonge from o si?gls to o two-phose systen ot
the end point permits o nethod of control 7). Siurry is added to the
peid in the Blend Tank until the formation of o permenent precipitete
ig indicated by a turbidipmetor. The suspension is then back-titrated
with enough HNO, to dissolve the solids, cnd supsroits and BENOq arse
ndded, if requi¥ed, to adjust tho sclution to the desired urcpium con-
cemtrotion (0,18 M, density = 1.26 g./cu. cm.). At the time of this
writing, incomplete data ore available as to the relative amounts of acid
and slurry necessary to produce: the required turbidity as o function of
slurry corposition; however, the data avnilcble indicate that a satisfac~
tory degree of control is possible.

5.3
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An alternative method of control ig Provided with the inclusion of
DH electrodes in the Blend Tank, in dddition to the turbidimeter, In
the procedure employing pH control, slurry is added to the acid in the
Blend Tank until the sberp increase in PH, occurring between pH 1 ang .
PH 4, is noted (see Figure IIT-1). Nitric acid is then a?ded. in an
amount required to produce a feed containing 2.01 M g+ Approximately

18 feasible but undesirable because the time required for the analyses
would considerably extend the time cycle beyond that fixed for this step
by mrocess design, Although more time consuming thean the turbidity and
.PH methods described in A5.2 and 5.3 above, the following Analytical

Two met of volume reduct%ig ore indicated in Chemienl Flowsheets
TBP-EW No. W{11) ana wpp.my mo. 5t1e) Presented in Chapter I. Partia)
concentrotion of the dilute uranium feed stream with the remoinder of the
volume reduction accomplished by concentration of the neutrolized agueous
waste stream is shown by TBP-mw No. 4. 4n equivnlent over-all volume
reduction acecomplished entirely by concentrating the neutralized agueous
waste stream is shown by TBP-BW No. 3. The conditions specified in

-HW - 4 involve the edvantoges of reduced volumes to be handled in
the ste equent to feed concentration, and somewhnt more efficient

DECLASSIFIED -



92423940077

SSFED M

solvent-extraction column opergtion es G ragult of about 10 per cent high~
er nitric acid concentrztion in the RA Cclurm. The feed concentration
equipment design is based on the TRP-IM No., 4 Flowsheet, bocouse this
represents & more conservative approech.. I+ is alsc possible to operate
tho plont on the basls of the TBP-IN No. 5 Flowsheet,

g, e e AL R AT A NN P
- - v “h . R s SN R e il ol
. s H. RN :

It should be emphnsized that the TBP-IW No, 4 and No. 5 Flowsheets
represent idealized copditions for & design basls, In actunl operation
the superncte-~to-siudie ratio moy vory widely from dey to day, resulting
in a fluctusting feed strean composition. However, vota the process and
equipment are gufficiently flexible to hendle any ratio from 100 per cent
superncte to 100 per cent sludge with appropricte chenges to RA Colurm
flow rotes and to feed acidity.

The succeeding discussion is besed upon the TBP-EW No. 4 Design Flow-
sheet conditions., Methods of nendling variatioms from this idealized case
are presented In Subsection D2.

2, Solubility Limitations

The solubility relationships of the dissolved salts in the dilute
uranium feed solution impose & Gefinite limitation upon +he degree of con-
centration which can be attained without solids precipitation. Reference

.43 made to Chapter IV for a discussion of the properties of uranyl nitrate
golutions containing nftric acid and sodium, sulfats, phosphate, and
nitrate ions; the effect of degree of feed solution concentration upon RA
Column operation is alse digcussed in Chapter IV.

As discussed in Section A, above, the hydrogen jon concentration
. (free hydrogen ion or hydrogen associeted with salt radicals) in dilute
uranium feed solution is such (ebout 2 M) thet all salts ere in solution
at room temperature. The component of the solution neerest to a sature-
tion concentration at TRP-EW No. & c?n%*tions is a uranyl hydrogen phos-
phate (believed to be UOLEFO LE0). 107 puring volume reduction of the
solution by eveporation, erﬁrou.hnao becomes less saturated in the solu-
tion because of an Increese in concentration of the hydrogen ion (up to
about 3 M). If the acidity were increased above that shown on TBP-EW No. 4
by additional concentration, sodium nitrate would eventually reach its
solubility limit. However, as discussed in Subsection 3, below, the cor-
rogion problem may make it impossible to concentrate to acidities greater

+hen about 5 to 6 M.

The selt (U02)3(P01,_)2 exhibits retrograde solubility cheracteristics,
i.e.,, the solubility decreases with jneressing temperature. All evidence
£o date indicates that solid phase formation during concentration will ?ort
pe ceused by the formation of the retrograde soluble salt (U02)3(P0|+)2. 15)

Other compeonents of the feed solution (principally SOL}") will prob-

ably offer no important solubllity 1imitations to feed cencentration, as
compared to uranyl phosphate or sodium nitrate. '

EUGSFD e
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3. Corrosion Limitations

In addition to the limitations on degree of feeq concentration
imposed by solubility relationships » another practical limitation, R
corrasion of components of the Concentrator, exists. Stainless steel
is corroded rather rapidly by the chloride ion. The effect increasesg

I wastes stored underground has beeq determined to be frog 0.5 ta 0.8
.- gram. /Ii_t,er.,,resulting from impurities '%nh?rocess Chemicals (chiefly in
. 8odium :m'ti_roxide and sodium carbonate), (14} o

Under the concentration conditions specified in the TBP-OW No. &
.~ Flowsheet, the expected corrosion *ates on the 3093 Cb tuh?s 3.nd shell
-+ of the Concentrator are on the order of 1 to 10 mils/year. 16
corrosion rates are not excessive, especlally in view orf the short-term .
© nature of the plant. If gedd concentration or chloride content vere to
- increase by a. factor of 2 or 3, the corrosion of the Concentrator nright
be excessive under the operating conditiong employed,. R

C. CLARIPICATION
e e e

- " o£ sueh foreign. materials ag sand ,. cpricrete, bits of glass, and larger
~-pleces, such as pH electrod’e_s r that may have been dropped into the tanks
uring monttoring of the. tank cont nts. . _ ‘ o

of the equipment.) The holeg in the plates are 1/8 inch in dlameter,

.. -and they are. self-purging +o a degree (due to liquig velocity and cyelic

-reversal of .direction,o_f flow through ‘the holes); nevertheless, an upper
~Mmit on solids particle size is Imposed .

D - Temowel is required.
"o imthe: Bismuth Phosp A | _

“r. 121 procesging lines, . : : ribe hapter XVI, 1t
o Terata at oither 1740.rev. juin

5. remove any pa.rtiélea
-High solution. clarity
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l,' Normal Procedure

1.1 GCeneral

- The normal oparating procedure described here iB beped upon the
gtrean flows and conpositione {ndicated in Chemicel Flowsheet TBP-BEW No. b
{presented in Chapter I} and upon the procedures implied by the engineers’
$7ow sketches of the urenium waste renoval operation (Chepter II) end of
e uranium recovery process (Chepter vi).

It is recognized that yrenium feed sireem compositions will vary con-
_sid.erablrfrom the erbltrary normel as defined above, with & resultent
variance in the volumes involved for a given production vate (normally 10
tons uranimn/dny , instantaneous ra_te). However, with few exceptions feed
preparation procedures remein the same. Veriations from normal procedures
cauged by non-uniformity of fesed solution compositions are discussed in
Subsection D2.

1.2 Acidification

- As discussed in Chapter II, a total of four slurry accumulation-
acidification tenk groups ere provided for processing the glurry removed
‘from the fourr Underground Waste Tank Farms. The following discussiop
applies to the equipment associated with the 5l1-U Tank Farm, but the
generel procedure description applies aquelly well to other Tank Farme
and their associeted equipment., The following discussion ig based on the

- egngineers’ flow sketch on urenium waste yemoval in Chapter II.

After the contents of the Slurry Accumulator, TK-UR-001, have been
recycled through & ok1.U Cascede until the urenium concentration has
reached T3 to 100 grams /1iter as described in Chapter II, about 5000
gal. of slurry are jetted from TE-UR-001 into about 3000 gal. of 50%
nitric acid in one of the two Blemd Panks, TK-UR-002 or TK-UR-003, depend-

" ing upon which is available at the time. The quentities guoted are based
vwpon 5 short tons u::_'anim/day gince 1t 1s assumed that 5 additiopal tons
day will enter the processing system from one of the other Undergr
Stopage Areas (241-B, oh1.C, or 241-T). An suterlock between the Blend
Tank egitator wmotor ecircuit end the glurry transfer Jjois in the Slurry
Accumulator prevents glurry transfer unless the Blend Tank agitator is in
operation. Cooling water is routed through the Blend Tank coil during
slurry addition. About 100 per cent frecboerd is meintained in the Blemnd
Tanks to provide capacity for containing the foem avolved during the die-
solution of the golids from tho slurry. About 2000 gel. of clear, homo-
genized supernate is added from one of the Underground Tanks being pro-
cegsed to the gsolution in the Blend Tank to ad just the uranium concentre-
tion to the average value of apout 45 grems/liter. This concentyation
figure, a8 well as the guantlty of supernate added, may vary conslderably.
In some instences, Blend Tank gampling mey be required to determine the
amount of supernete which is to be added.

> S A;fi
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‘only one of the duplicate feed concentration systems 1g described, In tha

... 8 )
- feed flow to the Concentrator in conformance: with the degree of concens-
T . trationm desired (about 30 per cent nominally), - , L

by

o

The contents of the Blend Tank are pumped to the Feed Receiver Tank,
IK-WR-005, located in the 241-yg Diversion Station, mThig vessel (50,000
gal. capacity) hes about 1-1/2 to 2 days capacity (5 ton besis) of
acidified solution, (4 duplicate Feeg Receiver, TK-WR-003, normally re.
¢eiving from the 20C-E Area cascades, hag the S&me capacity. ) Acidirieq
solution ig normally batcheg from the Feeq Recetiver tgo the Feed Sempler,

of two Feed Receiversg, TX-3-1, TK~3-6, in the 221y

¥ be interccnnected; therefore,

. & great deal of flexibility ag to routing of process feed solution is

Each of the two Feeq Receivers, TK-3-1 apg TX-3-6, in the 201-U Builgs
ing containg enough acidifieq uranium solution to provide 10 hours of -
OPEroting time at the rate of D tons/day. (Since eech receiver

‘Serves duplicate Processing lineg corrt.inuously,‘ & net production rate of G

Dilute ureniuy solution ig continuously Dumped from Feed Receiver
"A", TK-3-1, to the Concentrator Feeg Tank,. TK-6-6, at the rate of about
19 gel./min. The eymet flow is controlled by the 1iquid level in the
Concentrator Feed. Tank, The solution ig continuously bumped from the
Concentrator Foed Tank to a long-tube eveporator, Concentrator E-6-1, in ik
the same cell, at g baminal rate of 19 gal./min,” The Concentrator bottomg

team £low rate to tne Concéntrator 1g <controlled by the rate af




Partial cooling of the concentrated feed stream is

Feed Cooler, but this vessel serves chiefly es & pumrp-out tank to the
concentrated Feed Receiver, TK-6-7, loceted in another cell. Concentrated
fosd 1s continuously pumped thero it & nominal rate of 13 gal. Jmin., but
the exact rate 18 controlled by the liquid level of the Taed Cooler.

1.4 Teed centrifugation

The Concentrated Feed Recelver, TK.5-T, also serves as & feed tank
for the Centrifuge, G-14-1. The Centrifuge 18 describded in detail in
Chapter XVI. Uranium solution iB pumped to the Centrifuge at @ nominal
rate of 13 gal./min. S8ince noldup time in the centrifuge bowl, at this
rate, ie only on the order of 5 minutes, the Cemtrifuge rotates at its
meximun speed (17hO rev. uin.) to produce a force 1730 times that of
gravity at the edge of the powl. Clarified golution continuously over-
flows the bowl of the Centrifuge end is routed into the Centrifuge Catch
Tenk, TE-14-2. The liquid level in TK-14-2 controls the. rate of feed to
the Centrifuge. Chemical addition facilities to the Centrifuge and 8

jot leading from the Centrifuge to the Waste Teility Holdup Tank, TK-4-6,
provide a means for aisposing (by dissolving or slurrying out) of solids
accunulated in the Contrifuge during normal operation. This material
may be either reworked or disposed of %o underground wvaste storage facili-
ties from the Waste Utility Boldup Tenk.

(larified uranium solution is continuously pumped to the RAF Feed Tenk,
TK-19-6, at 8 rat. governed by the level of TK.19-6 (nominally sbout 13
gel./min.), for fueding to the solvent-extraction vattery.

2. Remedy of oft-Stendard Conditions

2.1 Wide f£luctusations in uranium content of the fead

1t 1s recognized that considerable variation in urenium content of the
feed solution will occur. The combination of liquid ~level and weight-factor
1pstrumentation (and poesibly sampling) will jnaicate the approximete
uranium concentration in the Slurry Accumulator; samples taken of the acidi-
£i0d feed in the Feed Sempler, TK-WR-00k, will indicate the wrenium concen-
4retion more accuretely. '

The feed concentration system hes the capacity for moro concentration
than is nominally required. Tf desired, more-dilute-than-noml feeds mAY
be concentrated further than the normal 30% (within the 1imitations

described in Section B). The £lexibility of solvent-extraction procodures,

" which enmables satisfactory oxtraction of wranium from feod solutions varying

widely in composition, may oliminate the geed for special remedies in the
fecd properation portion of the process.( )
cugssion of the edsptation of the golvent-extraction vattery procedure to
varying feed uranium concentrations.)
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‘1on_'~. 18 too, high it nay be possible to hold up

'the Feed Cooler. Because of tng Lnited holdup time 1n thig punp-out

the solution either in the tanies of the 241.WR Diversion Station or in
. the Feed Utility Holdup Tanlk, TE-4-1, until it can he blended with lower..
gcid-content feed. However, because of the flexibility of solvent.- I
extraction Procedures (see Chapter vI) higher-than-norral &cld concentra- o
tion may not necessarily be. detrinmental { except Insofar gg feed concen- ' '

In the event of failure of feed Supply, as indicated by the weight-
factor alarm on the Concentrator Feeq Tank, TE-5-8, water my be directed
into TK-6-5 and feq. o the Concentrator until the situation cap be cor-
rected or the Concentrator slovly shut dowm, This arrangement allows
meintenance of the "on the line” status of the Concentrator i the feed
Supply can ve reatored within 2. reasomable ting. : :

rate might be required, at leagt temporarily, Increasing. the amount of
refltxx m’ce;fmy_aid_; in correcting;.tl_ze :_3ff-8‘tandar§1 condition,

2.5 Total failure of any equiprment piece

If eny equipment Plece fails
for repairs (for'_ exanple, de-
‘duction Ioced ey be throwm upon
gince the oapecity of g11 egqui

" Thie “édnaﬁtt;tcn 18 datectogq by the high-level weight.factor alam op
tank, an interlock that Will shut down the Concentrator Feod Tank
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PART II: PROCESS, continued
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CEAPTER IV. PROCESS CHEMISTRY (SOLVENT-EXTRACTION)

A.  FROCESS DESCRIFTION .

1. Baéic Erincipieé}

1.1 Introdﬁction

The TBP process utilizes the preferential extractability of uranyl
nitrate by tributyl phosphate (TBP) to separste urenium from the fission
products end plutonium with which it is associated in the wranium-bearing
wastes from the bismuth phosphate process. In the TBP process the urenium
is recovered as an 8quecus uranyl nitrate solution adequately free from
Plutonium and the fission-product elements. The Iresent chapter deels
Wwith the chemical considerations governing this solvent-extraction Process.
The important engineering considerations involved in the process are
treated. in Chapter V, while the actual plant procedure is described in
Chapter VI. The present chapter covers only the solvent-extrsction steps.
of the TBP process. The auxiliary steps of feod Preparation, agqueous
make-up, solvent treatment, and waste trestment and disposal are dealt
with in Chapters IIT, X; XI, and XIT, respectively.

The TBP solvent-extraction process is in certeain respects both
gimpler and more complex than the Redox process. It is simpler in the
sense that only two different sclvent-extraction columns are involved
(the RA and RC Colums), as compared with twelve in the Redox provess.
Also, the TBP process recovers ouly one product (uranium) while two sepa-
rate products (uranium and plutonium) are recovered in Redox. On the
other hand, the TBP process is more complex than Redox in the sense that
it employs a two-component, solvent (TBP in a bydrocarbon diluent) as com-
pared with a single-component solvent { hexone ) employed in Redox. . Also,
the TBP RA-Column system contains a larger number of solutes, which signif-
icantly affect uranium extraction, than are present in the Redcx columms.
Besides HNO3 and‘NaNO3, which exert salting effects similar tc those of
HENO3 and sluminum nitrate in Redoxz, the TBP RA-Column system also contains
significant concentrations of rhosphate and sulfate icns which affect
uranium extraction in an adverse (although surmountable) manner.

For a brief outline of the TRP solvent-extraction process, the reader
is referred to Chapter I. A more detailed discussion of the Process, its
chemical variables, and their effects follows in Section A. Section B
summarizes the important rhysical and chemical broperties of the process
materials, Section C is a Presentation cf equilibrium data for the masgs
transfer of process components between the aquecus and solvent phases.

1.2 Solvent-extraction principles

- For the recovery of uranium from the sclution obtained by acidifica-
tion of the uranium-bearing waste from the bismuth phosphate Irccesa, the
use of solvent-extraction involves (a) contacting the agueous feed solu-
tion with en organic extractant tc trensfer the uranium to the organic
Phase while leaving fission Products and plutonium largely behind, then

- DECLASSFED e
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(b) stripping the uranium back intec an agueous phase, leaving the solvent
phase available for recovery and re-use. The extractant, consisting of
about 12.5 per cent tributyl phosphate by volume in a hydrocarbon diluent,
is only speringly soluble in the agquecus phase. .Extraction of uranium
into the solvent phese is carried ocut in the RA Column; stripping of the
extracted uranium back into an aquecus phase is effected in the RC Column.

The extraction operation may be carried out in a laboratory beaker
by mixing an aguecus uranium feed scluticn with a solution of tributyl
phosphate in & diluent, then alloving the two phases to settle or dis-
engage. The mixing and settling operation represents an extraction
"stage", and it is en ideal or thecretical stage if mass trensfer equi-
1ibrium between the phases (''phase equilibrium") is attained during the
mixing and sottling cperation. :

Multiple-stage countercurrent extraction may be effected by the use
of an additional vessel for each additional extraction stage desired. The
two-phase system is mixed and settled in each vessel, then the phases ore
transferred.in opposite directions through the series of vessels. Contin-
uous-flow column contactors (such as the RA and RC Columns) perform essen-
tially the same series of operations, However, discrete transfer stages
are not apparent in the physical form of the equipment ond are not actual-
ly involved in the mechanism of the trounsfer (see Chapter V). The "Height
Equivalent to & Theoretical Stage" (H.E.T.S.) iz the column height in
vhich the same mess transfer occurs &s in the avove-described beaker
experiment. The H.E.T.S. and the related "Height of a Tronsfer Unit"
(B.T.U.), discussed in detail in Chapter V, are measures of the mass-
transfer effectivensss of a solvent-extrcction columm. The lower the
E.E.T.8. for a given system, the shorter will be the totel columm helght
required to provide the number of tronsfer stages necessary to perform a
given sclvent-extraction seperstion.

Since the raote of transfer of solute between phases is limited by
the area of contact of the two phases, solvent-extraction equipment is
designed to provide a large contact arce. However, cefficient operatiom
requires rapid seporction of phases, as well as rapid transfer of solute,
cnd is therefore dependent upon a compromise between fine digpersion to
give moximum contact surface between phoses, and coarse diepersion to
glve maximum rate of phase separation. Dets on discengoging times may be
found in Subsection BT of this chapter. The pulse column equipment usged

* for phese contacting in the uranium recovery process is discussed in

Chapters V and XV.

When the cquecus feed aoluticn is extrected with tributyl phosphate-
diluent solution in the TBP RA Columm, the aqueous phose salting strength,
the cation oxtdotion state, and the equeocus-orgenic phase flow ratio (L/V)
are controlled to favor extraction of the uranium while reteining the
plutonium and fission products in the aqueous phnse. However, scme trons-
fer of Pu and fission products to the organic phose does occur. Such
contaminaticn of the orgenic product stream is alleviated by contacting
the organic extract with en agueous nitric cecid soluticn containing

‘ferrous lon reducing agent,which returns most of the extrocted plutonium

and fission products to the agueous phase. The letter cpercticn is
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referred to as scrubbing, and the transfer stages are referred to as
scrub stages. Recovery-of the uranium and the solvent involves contact~
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1.3 Choice of solvent

1.31 TBP as a solvent

Tributyl phosphote is en excellent solvent for the uranium recovery
process because it shows a relotively strong specific uranium solvent
action, which is only partly impaired by sulfate cr pheephete in the
bresence of excess nityic acid, {71 Moreover, TBP is stable townrd nitrie
acid end the other corpenents of the uranium recovery process system; it
is stable on éXposure tc radiation, snd g TBP-diluent mixture shows ?
sufficiently low mutual solubility in contact with an aqueous Phose. )
Tributyl phosphate iz resdily awmilable, sufficiently inexpensive, non-
corrosive, ncn-toxic, and shows a low vapor Pressure and high flash point.
For o sunmary of the specific properties of tributyl phosphate see Bub-
section Rl, ’ _ '

The mechanism of uranium extraction by tributyl pacsphate is apparent-
1y dependent upon the rapid formation of an orgenic-soluble ¢oordinaticn
complex beﬁgeen Cne molecule of uranyl nitrate and two molecules of . "
TBP.(24)68) (1) The moximum, or saturation; solubility is then one mole of '
uranyl nitrate in two moles of TBF, or about 436 grons of uranium pep
liter of 100 per cent TBP. The uronium extraction reaction may bhe ex-
bressed by the following equations:

W™ (ag.) + NO3 " (Ag.) === W0a(N03)(Aq.), - - = - (1)

Uog(No3)3(Aq.) + 2IBP(Org.) =—= UO2(NO3)o*2TBR(Org.), - - -(2)
which moy be sinmplified to:r
UOE'F+ (Ag.) + 2§03 “(Ag.) + ETBP(Org-) = U02(NO3 ) *2TBP(0rg.), -(3)

neglecting the possible presence of vater of hydrotion and‘nitric acid in
the ccordination complex.

1.32 Diluents for TBP

For use ag g 8olvent for uranium recovery, tridbutyl phosphote must be
diluted by an inert liguiq.(72) Dilution is either necessary or beneficinl
for the following reascns: (a) to alter the specific gravity of the sol-
vent phase, which for 100 rer cent TBP is SO nearly the same as that of
woter that phose disengagement would be difficult; (b) to decrecse the
viscosity of the TBP to favor more repid phase eeparstion ang higher
diffusion rate; (¢) to reduce the tendency of TBP to form an enmulsion with
an aqueocus phase; (d) to reduce the mutual solubility of the aqueous and
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organic phases; and (e) to facilitate stripping the extracted uranium
back to sn agueous phese. High TBP concentration in the solvent phese
extracts more nitric acid in the RA Column which interferes with strip-
ping the uranium in the RC 001mn.(99)f72) Low solvent TRP concentration
gives an unfavorable uranium distribution ratic at the dilute, or bottom,
end of the RA Column,(23) which results in higher uranium. losses. The
optimm TBP concentration range is 10 to 30 per cent by volume with a
nominal 12.5 per cent specified by the chemical flowsheets(23)89) for the
aqueous uranium concentrations and salting strengths available, as well
as the phase flow ratio desired. (See TBP-HW No. 4 and No. 5 Floweheets,
presented in Chapter .I)

The choice of a diluent is dependent upon & number of factors:

(a) It must be miscible with TBP and show a high solvent action for
the uranyl nitrate-TBP complex.

(b) It must be immiascible or only very sparingly miscible with water
and aqueous solutions.

(e} It must be unresctive with all the components of the system in-
cluding n¥tric acid and be adequately stable toward nuclear radiations.

(d) The diluent should have a low-viscosity and a specific gravity
materially different from that of water.

(e) It should be non-corrosive, not highly toxic, nnd not highly
flatmable.

‘(£) It should be readily aveilsble and inexpensive.

A number of organic liquids have been considered as TBP diluents.
These include petroleum fractioms, carbon tetrachloride, undecanes, and
specific hydrocarbons such as n-hexaue. Although specific hydrocarbons
are too expensive, various kerosene-type petroleum fractions have been
found generally satisfactory. Carbon tetrachloride shows promise as a
diluent for tributyl phosphete and may actuelly be employed in some
separations processes developed in the future, although demonstration
is still required because of its potentially corrosive action (due to
chloride ion). For a comparison of the properties of possible diluents,
see Subsection B2.

1.4 Salting

_ A common method of reducing the solubility of a compound in & given
solution is by the "selting" effect of a common ion. Thus the addition
of a soluble nitrate to an agueous solution of uranyl nitrate will reduce
the solubility of the uranyl nitrate in the solution. If such an aqueocus
golution is in contact equilibrium with a solvent phase, the solublility
of the uranium in the aqueocus phase 1s decreased relative to the solvent
phase, and distribution into the solvent phese is thereby increased. Ior
a more detailed discussion of salting, see the Redox Technical Manual.(47)
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The salting effect required-in the TBP process is provided dy sodium
nitrate supplemented by edded nitric acid. The effects of these salting
agents in -the TBP-process system are discussed below.

1.41 Sodium nitrate

The aqueous feed to the golvent-extraction system conteins sodium
nitrate (3 to k M) formed by caustic neutralization of the uranium weste
pricr to storage, and by acidification of the excess caustic in the waste
on removel frem storage ror-uraniumzrecovery. This sodium nitrate pro-
vides approximetely ome half of the salting strength needed in the RA
Column system of the golvent-extraction process for uranium recovery.

1.&2‘N1tric*aci@

Supplementary aqueous salting strength in. the TRP rocess is obtain-
ed by increasing the concentration of free nitric acid in the system,
since the initial inadequate sodium nitrate selting strength is fixed by
the chemical composition of the slurry removed from underground storage

ubility limitations (although partial substitution of a metal nitrate -~
- ©-g., aluminum nitrate -- for nitric acid would be feesible). Nitric
acid is thersfore hecessary as a salting supplement in order to meke pos-
sible a desirably low organic-to-aqueous flow ratio (V/L). Furthermore,
in spite of higher cost and slightly lower decontamination, (1DB0) pitric
acid is preferred to sodium nitrate as the salting agent in the RAS (scrub)
stream because of possible sodium contamination of the uranium product
when the salt is used.

The salting effect of ultric acid differs somewhat from that of
sodium nitrate. The nitrate shows a simple selting effect on uranium,

a2ct the sulfate and phosphats complexing (nominzl process conditions),
nitric acid and sodium nitrate are a proximately equivalent in their salt-
ing effect on a nole-for-mole basis.?35) In Subsection C1 the Process
equilibrium data for uranium are correlated on the basis of total nitrate
concentration,

The optimunm concentration of free nitric acid in the agueous Fhase
(1t05 g) is a compromise between.opposing factors. Acid concentrations
above 5 to 7 M are not feesszible because of the tendency to Precipitate
saltg, particularly sodium nitrate, Moreover, if the acid is not recover-
ed, high acid salting requires more neutralization of the waste, thereby
Yielding a larger wagte volume. On the other hand, an increcse in agqueous
acld concentraotion compensctes for the adverse effect of the sulfate and
phosphote present in the feed. The excess acid concentration, however,
cannot drop below about 1.5 M because of the tendency for uranyl Phosphate
to precipitate, Iow dcid salting has the advantages of decreased aeld
consuription and decreased caustic consumption (in waste neutralization),
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as the acid concentration is decreased. The intermediate wolue of 2 to
3 M nitric acid in the RAF (feed) stream is a suitable compromise. For

the specific effects of mitric acid concentration on the distribution of
uranium, plutonium, and fission products, see Section C. ’

1.5 Basis of the TBP process

1.51 0xidation state

The fundamental basis for the gseperation of uranium from plutonium
ond fission products in the TBP process is the fact that the coordination
of the uranium, plutonium, snd fission products with tributyl vhosphote
generally increases as the cationic oxidation stote 1ls roised. Two ex-
ceptions to this general condition are the foct thot plutonium (V) is
orgonic insoluble and thot under certain conditions the Pu (IV) valence
state is more soluble in TBP than Pu (vi).(72) However, by adjustment of
the oxidation-reduction potential of the agueous phese during sclvent ex-
traction, the uronium may be mointained in the extractable (VI) valence
state while the plutonium end fission products core held in their lower,
largely inextroctoble valence states. Actually, with the exception of
ruthenium, the fission-product elements show little tendency to exist in
a valence stote above (IIT) under the process conditions. Any oxidized
plutoniun present is reduced to the (III) state by ferrous. ion added to
the extroction system via the RAS scrub streem. The plutonium is moin-
toined in the inextrcctable (III) stote ond the ferrous ion is stabilized
in the systen by sulfamate lon, which destroys cny nitrous acid present.

1.52 Tributyl phosphote complexing

An additionnl basis for the TBP process 1ls the fact that the golvent
action of tributyl phosphate for uranium is due to the fornation of o def-
inite coordination complex. As noted before, the extraction of uranyl
nitrate by TBP from an aqueous solution mty be expressed by the following
surery reversible equation:

'AU02++‘(-Aq..) + 2NO3(Ag.) + 2TBR(Org.) === U0o(NO3 )2 -2TBR(Org.) - -(3)

- Then for the reversible reaction the equilibrium “constant”, K, may be ex-
pressed by the following relctionship in which concentrations are given

in molarities: :

.. UOp(NOg)p-2BR(OFrE.) ..o .- (%)
[002™ (ag.)] [wog (aq.)}? [TBE(0re.)i?

where TBP(Org.) represents the comcentration of unconplexed tributyl phos-
phote in the organic phose. Since two rnoles of TBP cortbine with each mole
of uronyl nitrate extrocted, the velue of the tern TRP(Org.), moy be ccl-
culated fron the following equotion: _

TBP(OI'E-) = TBP - QUN(OI‘S.), ------------ \5)
where TBP represents the initinl total concentration of TBP in the organic
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phese and UN(Org.) representa the uranyl nitrcte concentration in the
orgonic phase. From the definition of the orgenic/aqueocus distribution
ratic for urcnyl nitrote, assuming that all the uranyl nitrate in the
8queous phese is completely ionized, the following relationship maey be
written: ' _ ‘ _

 UO,(NO4)»*2TER(Org.
Eg= , 2( §)3+. ‘( 2 ),
Uoy " (Aq.)

where EQ = distribution ratic, (g./l. organic phase)/(g./1. aguecus phase).
Then substituting in the above eq?ation for the equilibrium "constant", X,
the following expression results:(ol)

K= — =% =5 Tt -- (7)
(N03™(Aq.) | | TBP - 2uN(org.)]?

By transposition, equation (7) may be expreseed as:

_ ,‘Eg = Kﬁro3‘(Aq.)}2 g—TBP - EUN(Ors.)-! . (8)
or L = o7
E s Exén%- (ag.)] 2 [Tz - 2uw(org.)]% - - - - . . (9)

This relationship is the basis for the correlation of the uranium transfer
equilibrium data(38) presented in Figures IV-24 through IV-27 (see under
C1.28, below). Since uranyl nitrate does not form a perfect solution in
water under process conditions, X is not constant for the equilibrium ex-
pressed but varies with the concentrations of ths various solution compo-
nents. The factor of Bquation (9) is plotted as a fumetion of sulfate
icn, phosphate ion, tributyl phosphate, sodium nitrate, and nitric ecid
concentration, in Figure IV-24. The wranium phase equilibrium data are
then plotted as a function of y¥ in Figures IV-25, 26, and 27, for use in
Predicting and evaluating the effectivencss of the RA Column solvent-ex-
traction performance. : i

Contrel of the decontaminetion achieved in the RA Column is accom-
plished by control of the degree of saturation of the TBP with uranium ag
well as by control of valence states. While-it appears that nitric acid,
Plutonium, and fission products also extract into TBP by & mechanism
similer to that for uranyl nitrate, the latter apparently forms much the
stronger coordinstion bond with the tributyl phosphate. The uranyl nitrats
1s therefore capable of displacing the other Process components from TRP
when the solvent is at least about 50 per cent saturated with uranium.
Thus the extraction operation must be cohtrolled in such a8 way that the
organic uranium concentration is mainteined at a sufficiently high level
(above about 20 per cent of saturation) at the feed point of the RA
Column.(42)}(72) This condition regquires cloge correlation between aqueous
feed uranium concentration (RAF stream), solvent TBP concentration (RAX
streem), and the aqueous-to-organic phase flow ratic (L/V).
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1.53 Sulfate and phosphate in the TBP process

Sulfate and phosphate ions both tend to react with uranyl ion to form
complex ions which favor the aqueous phase . (10(35) The effect of their
presence in the stored uranium waste must therefore be at least partly
countersected if the urenium is to be successfully recovered by solvent-
extraction. This is accomplished in the present recovery process by the
use of tributyl phosphate solvent which, as a strong, organic complexing
agent, competes for the uranium with the sulfate and phosphate complexing
in the aqueous phase. Also, the use of nitric acid as a salting agent in
the TBP process probably has the effect of destroying the sulfate and
phosphate complexes in the aqueous phase according to the following
equations:

Wa(80y)p" + 48T == wo,t + 2ms0 , - - - - - - - - (10)
U0p(EPO, ), + METT== w0, + 2EzO, , - ------ (11)

assuming the uranium complex to be a simple association of two to four
sulfate or phosphate anions with the urenyl ion. The uranyl ion is then
removed from the reaction as uranyl nitrate by extraction into the organic
phese. Under the RA Column conditions, the sulfate and phosphate reduce
the uranium orgenic/aquecus distribution ratic sbout 5-fold, but satis-
factory recovery is still accomplished. For the specific data on the
effect of sulfate and phosphate on uranium distribution, see Subsection
Cl. Phoephate concentrations up to 0.6 M and sulfate concentrations up
to 2 M can pro?ably'be tolerated ift the process by adjustment of operat-
ing variables.(23)

2. RA Column
2.1 General

The RA Column is the extraction and decontamination contactor in
which uranium 1s trensferred to a TBP-diluent phase,while leaving the
plutonium and fission products largely in the aqueocus raffinate stream.
The contactor is set up as a compound column with the aqueous feed sol-
ution (RAF) entering at an intermediate point while the aqueous scrub
(RAS) and the organic extractant (RAX) streams enter the column at the
top and bottom, respectively. Extraction of the urenium is effected in
the lower portion {extraction section) of the colwmn, while the Lraces
of fission products and plutonium extracted along with the uranium are
scrubbed back into the agueous phose in the portion of the column above
the feed point (scrub section).

During the conversion of the bismuth phosphote process uranium
waste to the TBP solvent-extraction process feed, the solution may or
mey not be concentrated to yleld a higher urenium concentration (see
Chapter IIT). Since the RA Column operction is sensitive to BAF uranium
concentration, two flowsheets, TBP-EW Na. 4 (concentraoted) and TRP-HW
No. 5 (dilute), have been prepared. These two flowsheets arc compared
in the following table of RA Column stream compositions. The essentlal
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difference in the operation of the two flowsheots is the higher flow rate
for the more dilute RAF, which is required to mointain the uranium ro-
¢essing rate and the organic uranium concentration. .

BA Column Stream Flows and Compositions

Flowsheet

mee-m No. 4(*3)  rmp.my yo. 5049)
RAS Stream: ‘ : ‘ : -
; Relative flow rate 50 50
Density, g./cu.cnm.  1.078 | - 1.078
HNCR, M 2.0 2.0
Fesgu-TNHh)asoh, M 0.05 - 0.05
— HoNSOgH, M . 0.10 | 0,10
= RAF Streoms - '
= Relative flow rate 100 - 146.8
e Dengity, g./cu.cm. 1.383 1.240
it W , M i 0.27 0.184
. 8 i NaT , M b.o7 2.78
e ' Bt, M | 2.96 2,01 -
POLE | M 0.26 0.177
sou* , M 0.26 0,177
NO3™ , M 6.25 k.26
LM : 0.023 0.016
fu, M 6.1 x 107 k.1 2 10-7
RAX Strecm;
Relative flow rate ©2%0 250
Density, g./cu.cm.(2) 0.803 0.803
TBP, Volume % ' 12.5 12.5

(3)1he exact demsity of the RAX depends on the diluemt used. The
glven value is for Decbass as diluent.

With the above feed stream flow rotes and compositions, the RAU product
stream from both flowsheets hos the same wranium concentration (0.106 M),
This uranium concentration represents about 46 per cent saturation of the
tributyl phosphote. -At the RAF feed point the degree of saturation ig
about 51 per cent (the excess over the uranium concentration in the RAD

being contributed by internal reflux of uranium from the RA Columm scrub
section), _ ‘ |

2.2 Urenium extrnction

- The TBP process solvent-extraction flowsheet specifies @ maximum loss
in the RAW of 0.5 per cent of the feed uranium to the RA Column. This
loss is affeected and controlled by ¢ number of chemical ond operating vari-
ables which are discussed in the following Paragrophs. For o summery of
the dnte concerning the effects of the variables on urenium transfer
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2.21 Effect of uronium concentration

Increasing the agueous uranium concentration under RA Column extrac-
_ tion section conditions lowers the organic/oquecus urenium distridution
ratio, ER.(P6GENM2) For exomple, in Figure IV-20A it moy be seen that
the uranium distribution retio varies from approximately 1 at the 0.1T M
uronium concentration ot the top of the extraction section, to about 10
at the 0.0001 M uraniun concentration at the dilute end, under TBP-HW
No. b Flowsheet conditions. If it is considersd thot the extraction
mechanism requires the intermediate formation of mclecular uranyl nitrate
in the agueous phase (see 1.31, obove), then it moy be seen that a large
incresse in the concentration of highly ionized uranyl nitrate is neces-
sary to produce & smoll increase in the conecentration of molecular uronyl
nitrate in the agquecus phcse. The result, therefore, is that a propor-
tionately large increase in aqueous uranyl nitrate goncentration causes
the transfer of only & small amount of uranyl nitrate to the orgonic
phose, and the distribution ratio, BY, is lowered.

The above effect is rrobably accentuated by the imfluence of the
degree of saturation of the tributyl phosphate with respect of ursnyl
nitrote. The saturation solubility of wronyl nitrate in 12.5 per cent
TBP is cbout 0.22 M, much less thaon in woter or hexone, ond the organic/
agueous distribution rotio, Ef, decrecses as orgonic saturction is -
opproached (see Figure IV-20B). (In the Redox process the saturation
effect 1s not apparent owing to the high solubllity of urcnyl nitrate
in hexone.) '

Incrensing the urcnium concentration in the RAF stream tends to in-
crease the stage requirements to achleve a specified uranium woste loss.
Bowever, the tendency for increased loss may be counteracted by slightly
increcsing the RAX extractant flow rote, or by decrecsing the RAF feed
rote or the RAS scrub rote. Decrecsing the aguecus-to-orgonic flow ratio
(L/V) in the extraction section reduces the number oi stuges required to
accomplish the desired seporation. A lowered RAS flow rote reduces the
amount of uranium earried into the extraction section by reflux from the
gerub section, and also increases the effective salting strength in the
extraction section.

2,22 Bffect of nitrote concentroticn

For a given uranium concentratilon, roising the total cquecus nitrate
concentration increases the distribution of the urcnium into the orgenic
phose(9)@4)E5), 1.e., produces s larger Eg (see Figure Iv-21). For ex-
anple, o 1.0 M increase in nitrate concentrntion over TBP-HW No. 4 Flow-
sheet conditions raises the organic/aqueous uroniun distribution rutio,
ES, by about 10 to 20%. This 1s true whether the nitrate increase is
gffccted within the runge of flowsheet conditions by the addition of
sodiunm nitrate, nitric acid, or both. However, the uraniunm distribution
ratio reaches a moximum at obout 5 M nitric acid, and decreases at higher
acid concentration?, grobably.due to the reduction of the activity coeffi-
cient of the acid.(72)} The influence of nitrote sclting on the uranium
distribution ratio decreases as the wranium
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concentration increases and approaches gaturation in the orgenic phase.

T2) The extraction of uranium is therefore less sensitive to nitrate
salting strength (NaNO3 or HNO3) at the feed plate than it is at the
bottom or waste end of the RA Column (see Figure IV-21B).

Due to the nature of the starting material, the uranium concentra-
tion in the feed (RAF) to the solvent-extraction system is necessarily
low. Then to achieve the per cent TBP saturation required at the feed
plate for satisfactory decontamination, the ratio of the agueous to the
orgenic phase (L/V) must be held to a maximum, or an appreciable amount
of uranium must be refluxed in the RA Clumm scrub section. The latter
effect is achieved by using insufficient salting strength in the RA
Column scrub stream (RAS) to meintain the urenium in the organic phase.
However, a reduction in the scrub stream nitric acid concentration neces-
sitates increasing the acid concentration in the RAT (feed) streamw in
order to maintain the aqueous salting strength in the RA Columm extrection
section. Furthermore, increasing the uranium reflux in the scrub section
may increase the uranium loss in the RAW fraste) streem in spite of main-
tenance of the extraction section salting strength, if sufficient addition~
al extraction stages are not available in the column, It ig apparent that
increasing the relative organic flow rate (decreasing the L/v ratio) to
compensate for increased losses would reduce the ber cent saturation of
the TBP. Such a change would thereby nullify the original purpose of re-
ducing the scrub stream salting strength(increasing the scrub reflux) in
order to raise the organic uranium concentration at the feed plate,

Uranium losses in the RAW du: to low nitrate salting strength in the
RA Column extraction section may ve counteracted by lowering the aquecus-
to-organic ratio (L/V). Lowering the retio by increasing the RAX relative
flow rate has the effect of decreasing the number of transfer stages re-
quired to accomplish the desired extraction. Decreasing the RAS scrub
stream flow rate reduces the rate of uranium reflux in the scruhb gection.
It also has the effect of increasing the salting strength in the extrac~
tion section since the nitrate concentration in the RAS stream is lower

than the total nitrate concentration in the RAF stream with which the RAS
stream is mixed at the feed point,

2.23 Effect of tributyi Ehosghate'concantration

As may be noted by reference to curves 1 and 2 of Figure IV-21B, the
uranium distribution ratio increases slightly with higher TBP concentra-
tion.?§x35) Thus an increase in TBP concentration from 12.5 to 15 volume
Per cent lncreases the organic/aquecus uranium distribution ratiq, Eg, by
approximately 30 to 50%.

If the TBP concentration decresses in the RAX stream while the volume
flow rate remeins constant, the effect on the extraction procegs is the
same as a decrease in the RAX flow rate. In other words, the effect is
the same as that of increasing the 2qQuecus-to-organic flow ratio, L/V,
and more transfer stages are then required to accomplish the same extrac-
tion. A drop in TERP concentration in the RAX stream would then tend to
increase the urenium waste loss in the RAW waste stream. Raising the RAX
flow rate compensates for a lowering of the TBP concentration.
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2.2, Effect of tributyl phosphate decomposition Erodﬁcts

At the concentrations to be expected in the process, the presence of
monobutyl and dibutyl phosphates in the solvent has little effect on urae
nium distribution under RA Column conditions (see under C1,26), High
concentrations of DBP, however, may produce a reduction of uranium waste
logses, Likewise high concentrations of MBP could result in some precipe
itation of uranium, Some TBP decamposition products have caused emulsie
fication in the RA system, as discussed in Section.F of Chapter V,

2.25 Effect of the diluent

Uranium distribution ratios are not appreciably affgstgg b¥ variations
in the composition of the hydrocarbon diluent for TBP,\3 )72} waste
losses are affected only in so far as stage (or transfer unit) heights may
vary somewhat with the physical properties imparted by the diluent to the
solvent phase, as discussed in Chapter V,

2,26 Effect of phosphate and sulfate ions

An increase in the phosphate or sulfate concentration in the aqueous
phase reduces the organic/aqueous uranium distribution ratio (ES) and thus
results in increased uranium loss from the RA Column, As indicated by the
data presented under C1,25, below, and in Figures IV.21A and IV-22A and B,
this effect is more pronounced for phosphate than for sulfate, Thus, for
example, in the RA Column extraction section a 0,3 M increase in sulfate
concentration or 0,1 M increase in phosphate concentration over the TBP=
HW No.l Flowsheet values decreases EJ by about 50% and increases RA Column
uranium losses about 1,8~fold (on the basis of 7 transfer units in the RA

 Column extraction section), These anions appatently lower the availsble

aqueous concentration of the uranium by formation of uranyl phosphate or
uranyl sulfate complexes which are inextractable by tributyl phosphate,
The reactions may be expressed by the following egquations:

~+
U0,

Wy

+ z»;ipolf et Uoz(HPoh);' mm- === (10)
+ 230h= p—— UOZ'(SOLL)Z.:_ - e - - (11)

although the exact number of anions associated with the uranyl ion is not
positively known,

Increases of sulfate and/or phosphate concentration in the RAF stream
then would inerease RAW uranium losses if not compensated for by sufficient
excess nitric acid (2 to 3 ¥ acid for about 0,2 M sulfate and phosphate)
or by increasing the RAX flow ratc (decreasing the L/V ratic), Lowering
the L/V ratio decreases the number of extraction stages required to perm
form the desired separation.

2.27 Effect of temperature

As shown in Figure IV.zZ3, organic/aquequs uranium distribution
ratios, Eg,'decrease slightly as the temperature of the equilibrated
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extraction system is raised (about two-fold or less as the temperature
is raoised from 20°C. to 50°¢.).{53 (2) However, it should be noted here
that the rate of attaloment of phase equilibrium is probably controlled
by the rate of diffusion in the liquid phoses rother thon by the rate of
the extraction reaction indicated in equation (3) under Al.31.(76)
Actually, the advantage in uranium distribution ratioc to be gaiped by
extraction at lower temperntures is nullified by the adverse effect of
higher viscosity and lower diffusion rates producing higher H.E.T.S.
values.(64) 4 higher cpersting temperature eslters the equllibrium line
to require more stages for a given seperotion but rroduces lower stage
helghts thereby making more traonsfer stages avoilable in o given ccolumn
extraction system; the over-all effect favors the higher temperature, at
least up to the 65°C. studied. :

2.28 Effect of agueous-to-organic flow ratio

In the tributyl phosphate Irocess, particularly close correlation
is required between the relative phose flow rates, the feed urenium con-
centration, the tributyl phosphate concentration, and the nitric acid
salting strength. If e rise in urenium waste losses appears 1ln tHe RAW
stream, the higher waste ursnium concentrotion mey be due to a higher
aguecus-to-organic phase flow ratio (L/V), a higher aguecus uranium con-
centration et the feed point, a lower TBP concentration in the RAX, or a
lower nitrate concentration in the aqueous phase of the RA Column extrac-
tion section. Compensation for these effects can be accomplished by
altering the L/V ratio or the selting strength. ‘

Leosses from high RAF wranium concentrations may be reduced by lower-
ing the L/V ratic in the extraction section either through lowering the
RAF flow rote or roising the RAX flow rate. Such a chonge decreases the
number of stages required to effect the desired extroction. Similarly,
if losses appeor to be due to a reduction of TBP ccncentration, then they
may be alleviated by increasing the RAX flow rate. Losses due to de-
creased nitrate salting strength in the extraction section moy be counter-
acted by lowering the L/V ratio either by raising the RAX flow rete or
lowering the RAS flow rate.

2.29 Effect of ursnium extraction on streem densities

The following table gives the aqueous and organic phase densities, as
determined by laboratory countercurrent botch extraction, for seven RA
Column extraction and three RA Columm scrub stages.(58) The feeds for the
two runs simulated composite wranium waste prepared by acidification of
combined sludge and supernmate. In one of the runs summarized, the feed
simulcted a solution prepared by concentration after acidification of
composite waste. The two runs approximeted TBP-EW No. b and No. 5 Flowe
sheet conditions except that the extractant in both coses was 15 volume
rer cent TBP in Decobase. Plutonium and flssion products were absent.
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RA Column Phase Densities, d’%

TBP-EW No. 4 Flowsheet TBP-EW No. 5 Flowsheet
Stage Agueous Orgenic Agqueous Crgonic
1 1.019 0.8609 1.1094 0.8605

2 1.,1085 - 0.86L6 1.1105 0.8636
3 - 1.1163 0.8706 1.1130 0.8657

b (Peed point) 1.2877 0.8733 . 1.1761 0.8653
5 1.2596 0.8604 1.,1600 0.8486
6 1.2496 0.8354 1.1517 0.8266
T 1.2422 0.8222 1.1516 0.8187

8 1.2403 0.8203 1.1516 0.8170
9 1.2365 0.8190 1.1509 0.8170
10 1.2353 0.8180 1.1434 0.8161

It 1s not feasible to extimate RA Columm operscting efficiency by
means of density verintions of the RAW waste stream. The stream density
is not sufficiently sensitive to voriationms in very dilute uranium con-
centrations; furthermore, due to variobls feed make-up from sludge and
supernate, the streom demsity will fluctuate exclusive of wvoriations in
the RAW uranium concentration.

2}3 Decontaminntion from plutomium

The uronium woste slurry contoins 1 to 2 per cent of the plutonium
originally associated with the irrocdinted urenium. A Pu decontemination
factor of up to 40 1s required to yiel? recovered uranium containing o
moximum of one part of plutonium in 107 parts of urcnium,(22)E€5)

Decontamination of the recovered uranium with respect to plutonium
requires either the preferential complexing of the plutonium in the agqueows
phose, or econvertingit to the inextractable (III) walence stcte. The
lotter method is employed in the TBP process.

Following the converison of the uranium woste slurry tc o feed sol-
ution for solvent extraction, the plutonium is lorgely in the orgenic-
soluble Pu(IV) volence state which is the state most extracteble by tri-
butyl phosphate (see Figure IV-32), Pu(VI) showe a somewhnt lower dis-
tribution ratio, Ef, while Pu{III) cnd Pu(V) are essentially irextroct-
oble. Both complexing and reduction to Pu(III) hove been checked ex-:
perimentolly in connection with simple Pu decontamination of recovered
ureniun,. as well os to determine the process feasibility of recovering
the plutonium by pertition of extracted Pu from uranium in an operntion
compercble to the Redox IB Colurm separation.{@5)({2){75)

Sulfate ond phosphate show sonme tendency to conplex plutcniunm in
the aqueous phose, but, as in the case of uraniwu, these complexes are
destroyed in the presence of excess nitric acid thereby permitting con-
Plete Pu extraction. The fluoride and fluovsilicate ions hove been found
to be particulerly effective in complexing Pu(IV) in the aqueous phase,
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the distribution rotio being of the same order of magnitude as for.
Pu(111} .(9)(25) However, these complexing agents are cbjectionable be-
ceuse of eguipment corrosion by the fluoride ion.

Reduction of the plutonium to the inextractable Pu(III) state is
readily achieved by a reducing agent such as ferrous ion. The rate. of
reduction is sufficiently rapid (less than 10 seconds) that the resction
nay be carried out in the course of the uranium extraction in the RA
Column. The reducing agent is therefore added to the solvent-extrection
system by way of the RAS scrud streanm.

Ferrous ion is unstable .in the presence of the RA Column nitric acid
concentrations. Oxidation to the ferric state is apparently catalyzed by
nitrite ion, and the reduction system may thus be stabilized by the =ddi-
tion of a holding reductant which destroys the nitrite.(6}7) The sul-
famate lon serves very effectively for this purpose. Ferrous ion and sul-
famate ion are therefore used together in the RA Columm to ensure. the
existence of all the plutonium in the Pu(III) state in the BA system..
Under these conditions the Fe(II) has a half-life of 30 to 50 hours. (9)
£373(75)(82)

In the Redox process, where the presence of sulfete is detrimentel
to second cycle plutoniim extraction, ferrous sulfamate is used as the
reducing agent. In the TRP Process, where a smell amount of additional
sulfate 1s not harmful, ferrous ammonium sulfete is used as the reducing
agent with sulfamic acid added. The latter system is simpler to handle
and does not require on-site preparation as does ferrous sulfamate.

In the RA Column some reflux of the plutonium occurs in the scrub
section sinece the Fe(II) is added wia the scrub stream and some Pu is ex-
tracted at the feed point before reduction is complete. The extent of ex-
traction of Pu(IV) and Pu(VI) is influenced by a number of column vari-
ables. The uranium shows preferential complexing with the tributyl phos-
rhate., Therefore, as saturation of the solvent by uranium is approached,
the plutonium distribution ratio, Eg, is reduced (see Figure IV-33) &nd
less Pu is carried in the extractant.(9)(79) as may be seen in Figure
IV-32, nitric acid (or total nitrate ion concentration) tends to salt
Pu(III), (IV), and (VI) into the organic phase.(72) The salting effect,
however, is markedly reduced as the concentration of the uranium in the
solvent approaches saturation.(72) An incresse in TBP concentration also
increases the plutonium distribution retio, ES, although again the effect
is limited by the urenium saturation of the solvent. Menobutyl and di-
butyl phosphate impurities in the organic phase increase the plutonium
distrubution ratio, Eg, a?& }n so doing reduce the Pu decontemination
factor for the RA Colurm.(}*

2.4 Decontamination from fission products

The ease and extent of fission-product decontamination in the TBP
process is dependent upon the age of the uranium waste being processed.
For 1 to 1% year old bismuth phosphate process waste from urenium sub-
Jected to LOO megawatt—days/ton integrated exposure over a period of 360 .
days, zirconium is the decontamination-limitixi\? fission product. For waste
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greater than about 1% yeers old, ruthenium is the limiting radicactive
element.(31)(62)(72) Westes younger then about 2 years cammot be ade-
quately decontaminated in the TBP Plant because radicactive ruthenium,
zirconium, and cerium carry through with the recovered uranium in con-
centrations which exceed specifications for recovered uranium.

- Cerium and niobium are extracted to a certain extent but are large-~
ly removed on scrubbing the organic extract. In general, the decontam-
ination achleved in the RA Columm is better the lower the fission-product
organic/hqueoua distribution ratio, and the higher the aqueous/brganic
phase ratio (L/V) or the higher the uranium saturation of the solvent

phase.

Experimental data indicate en anomely in the effect of nitric acid
on decontamination in the RA Column. As in the Redox process, decontem-
ination in the extraction section 1s better the lower the free acid con-
centration.(42) On the other hand, fission-product decontamination in
the scrub section is better the higher the aqueous acidity.(¥2) Nitric
acid does have a salting effect on gross beta and gross gemma radicactiv-
ity (see Figures IV-35 and 36); the salting action is particularly strong
for zirconium while showing only slight effect on ruthenium end cerium.
However, the salting action of increased BNO3 in the scrub section is
apperently outweighed by some other effects, possibly chemical. For
speclfic distribution ratic data see Subsection C3.

Meny characteristics of fission~product (F.P.) decontamination are
similar to those for plutonium. Higher uranium saturation of the orgenic
phase improves F.f.
and zirconium.(9)(42)(72) rowering the RAX tributyl phosphate concentra-
tion improves decontamination by decreasing the F.P. distribution ratio,
Ef. Low TBP concentrations {below 10 per cent), however, are unfavorable
to uranium extraction and sericusly limit the column capacity. Complex-
ing agente such as sulfate, phosphote, and fluosilicate temd to hold fis-
sion products in the aQueous phase.(9 The latter is true particularly
for zirconium while ruthenium is only slightly affected by such agents.

Decontamination performence may be impaired by reaction of the TEP
diluent with nitric acid to produce hydrocarbon nitration products.
Since the aromatic and olefinic hydroccrbons react most readily with
nitric acid, those hydrocarbons are limited to » maximum of 2 per cent
by volume gs determined by a test involving absorption of these compon-
ents from the diluent into an HpSO-PpOs mixture (ASTM D-875-46T). No
success wus obtoined In attemptas to correlate the Kauri-Butanol Number
vhich has some relation to the aromatic content) with the effect of
diluent on decontomination performonce. When the olefinic end aromatic
bydrocarbons are below the 2 per cent specification limit, the TBP Plant
solvent treatment should remove any nitrntion products formed.

Dibutyl phosphote (as an impurity in the organic stream) lowers the
decontamination factor for the RA Colunn by extracting zirconium portic-
ularly.(57) See Subsection C3 for specific data.

decontamination particularly with respect to ruthenium
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-RC Columm

3.1 QGeneral

, After extraction cnd dec
is recovered as an agueous so
RC Column. The contactor is
with the orgonic and aqueocus

cntemination in the RA Colunn, the uranium
lution by stripping the RAU stream in the
operated as a simple countercurrent colurn
phases entering nnd leaving the columm at
opposite ends. The toble below swmarizes the colunn strean com sitions,
which are identical for the TBP-EW No. “§Eh5)'

DECLASSIFED

4 end No. 5 Flowsheets.(

HC Cél_unn Strean Flows and Conpositions

RAU or RCF Stresn (Or%a!)uc):
a

Relative flow rate 255
Density, g./cu.cn.(b) 0.840
- Uranyl nitrate, M 0.106
Nitric acid, M 0.10
Chloride ion, M 0.0001
RCX Stream (Aquecus):
Relative flow rote{(a) 200
Density, g./cu.cm. 1.0
Nitric acid, M 0.01
RCU Stream (Aqueous):
Relative flow rate(e) 205
Density, g./cu.cn. 1.041
Urnnyl nitrate, M 0.132
Nitric acid, M 0.13%
Chloride iom, M 0.0001
TBP, g./1. 0.2
RCW Strean (Organic):
Relative flow rote(a) 250
Density, g./cu.cm.(b) 0.803
Uranyl nitrate, M 0.00054
Nitric eccid, M ca. 0,001

(a)paged on RAF
RAF

100 for TBP-EW No. 4 Flowsheet;
146.8 for TBP-EW No. 5 Flowsheet.

H

(b)The orgonic strecm densgities depend upon the
diluent used. The wnluesg given are for the
use of Deobase as the TRP diluent.

3.2 Uronium stripping

Uranium stripping is acconplished in the RC Colurm by mecns of a
0.01 M nitric acid stream. The trace of acid is added to the agueous .
strean in order to inhibit erulsification at the dilute end of the columnm,

- DECLASSIFIED i



- L T e

~ — R N

e :.r;‘_ n‘f}"m%?‘f. i st A CT

- DU

since the nitric acid is essentially completely stripped from the organic
gtream in the lower portion of the column. Just as the tributyl phosphate
shows more affinity for uranyl nitreate then for nitric acid in the RA Col-
umn, in the RC Column the uranium is more difficult to strip than the
nitric acid. Furthermore, the acid stripped into the agueous phase makes
uranium stripping more difficult. Operation of the RC Column is therefore
handicapped if high concentrations of nitric acid are carried over from
the RA Colum. Thus a 0.1 M increase in the nitric acid content of the
RAU stream increases the uranium concentration in the RC Colum waste
stream (RCW) by approximately 20 per cent (on the baslis of 7 transfer
units in ' the RC Columm). '

The emount of nitric acid carried in the organic RAU-RCF stream is
directly proportional to the concentration of the tributyl phosphate as
well as being influenced by the extent of urenium saturation of the TBP.
The upper limit of the TBP concentration which may be used in the RA-RC
system is thus partly controlled by the RC Column operation, which must
accomplish complete stripping of the uranium within & reasonmable length
of column. Uranium stripping in the column is favored by the fact that
at low scid concentrations the wranium distribution ratio, E§, becomes
much smaller at the dilute end of the column.

The presence of dibutyl phosphate inothe organic stream greatly in-
creegses the uranium distribution ratio, Eg, under RC Column conditionms,
(30)(60) and therefore has the effect of increasing uranium waste losses
in the RCW stream. Monobutyl phosphate forms a urenium complex which is
insoiuble in both phases, and promotes the formation of stable organic-

aguecus emulsions at the dilute (urenium) end of the RC Colwm.

Nitration products of hydrocarbon diluents have been found to in-
crease greatly the uranium distribution ratio under RC Column conditions.

Diluents high in aruvmatic or olefin content nitrate on prolonged
contact with nitric acid solutions at room tempersture. Sodium cardbon-
ate and caustic weshes have been found effective in reducing the RC dis-
tribution ratios for solvent mixtures containing nitration products to
more favorable values, but. they are still higher than for fresh dlluent.
Diluents of low aromatic and olefin content are stable to nitration ex-
cept at elevated temperatures. As the specifications for TBFP process
diluent limit the arometic and olefin content to less than 2 per cent by
volume, no difficulties resulting from diluent nitration products are
anticipated. '

The stripping of uranium into weter is accompenied by the absorption
of heat.(53) Raising the temperature of the transfer system favors the
stripping operation both by lowering the distribution ratio, Ef, and by
decreasing the stage height by lowering viscosities and increasing dif-
fusion rates,(64) although with a temperature change from 77°F. to 110°F,
the effect in a 3-in.-diameter pilet-plant column was not significant.(56)

Increasing the aguecus-to-organic flow ratio (L/V) reduces the number
of transfer stages required to accomplish the stripping operation, but
also produces a more dilute uranium product stream. The phase flow rates
are about the sams for both phases in the RC Column., Specific data on
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the effects of veriables on urenium stripping are presented under C1,3.

3.3 Decontamination

The purpose of the RC Columm is to strip the uranium beck intc an
aqueous phase, and little additional decontamination is accomplished in
the operation. Plutonium and fission rroducts extracted in the RA Colunmn
are largely stripped in the RC Column. However, any loss of decontam-
ination due to the presence of dibutyl phosphate in the RA system, tends
to be alleviated in the RC system by the fact that the butyl acid phos-
phate complexes the fission products in the organic phase. In such =
case they are at least partially removed in the REW stream. The same is
true for traces of plutonium. :

B. FROPERTIES OF PROCESS MATERIALS

1. Tributyl Phosphate

1.1 Imtroduction

Tri-n-butyl phosphete (TBP) is = viscous, colorless liguid which is
produced by the reaction of n-butyl alcohol with either phosphorus oxy-
chloride or phosphorus pentoxide with subsequent caustic treatment and
distillation. It is used s the extractant in the ursnium recovery sol-
vent-extraction process because of the specificity of the strong complex
it forms with xranium. In order to rroduce an organic phese with the
optimum physicul and chemiczl Properties, TBP is diluted with a chemically
inert petroleum hydrocarbon fraction bolling in the kerosene range. (See
Section A of this chopter for more complete information.)

1.2 Specifications

The specifications for TBP are given in the following taoble:

Tributyl Phosphate Specifications(90)

Butenocl content Reducing normality less than 0.05

Acldity Less thon 0,01 N

Color Colorless

Water No turbidity when 1 voluqe is mixed
with 19 volumes of 60° Be. gonsbline
at 20°¢.

Suspended solids 0

Specific gravity 0.973 to 0.983 (20/20°C.)
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1.3 Fhysical properties
1.31 General

DECLASSIFIED

The physicul properties of TBP are presented in Table IV-1. Those
properties are listed which are considered to be of fundamental interest

in the TBF process.

1.32 Solubility in pwocess soluticns

The saturation concentration of TBP in water from a 15 volume per
cent TBP-hydrocarbon mixture is 0.23 g./L. at 25°C.(61) The solubility
increases as the concentrstion of TBP in the diluent increases, reaching
a value of 0.39 g«/1. for 100 per cent TBP. The solubility of TBP in
aqueous solutions decreocses rapldly with increasing glectrolyte concen-
tration in the squeous pbose, as may be seen from the following table:

Solubility of TBP in Process Solutions at 25°C,
Organic Phase TBP Conc., Solubility of TBP in Aqueous Phase, G.ZI..

‘Yolume Per Cent Ep0 RCU RAWH 7 3 MENO; 24 UO,(NO3)p
33.3 . 0.28 0.9 0.0097  0.21 -~

8.6 0.24 0.17 0.0097  0.17 0.01
*0.2 ¥ U0x(N0,), 0.06M HNO3. |
**2.6 M HNO3, 1.9 M NaNOy, 0.2 M Na,S0,, 0.2 ¥ NagP0,, 0.03 M NE,NO3,

0.02 ¥ FeCl3, 0.03 M NEpSOSH.

The solubility of pure TBP in nitric acid solutions decreasses to a mini-
mm of about 0.1 g./l. ae the acid concentration is increased to 10 M HNO3.
At this concentrstion the TBP solubility begins to increase rapidly,
reoching a volue of about 1.3 g./l. in 15 M HNO; .

1.33 Rediation stability

The exposure of TBP and of TBP-diluent mixtures to a 1.3-M.e.v.

electron beam at an intensity level of cbout 1.3 microcmperes per ml.

of TBP for 1 second (aprroximetely equivalent to 0.75 curiles of irradia-
tion per ml. for 5 minutes) did not seriously affect the TBP, 28 evis. -
dencgd’ by the fact that the distribution ratiocs of uwranium, plutonium,
and beta-enmitting fission products were essenticlly the same as into non-
exposed solvent?%?s) When the totol irradiastion was increased to 300
nicroempere-sec. per nl. of solution (approximately equivalent to 170
curies of irrodiotion per ml. for 5 minutes), the plutonium and beta-
enitting fission product holdup in the solvent was incretsed by o factor
of 2 to 20.(79}

e OECLASRED -




#

5

T A

e - DECLASSED ‘

The rodistion stability of TBP should be no problem in the TBP Plant
as the gross beta and gommm radicactivity of the RA Column feed is only '
about 6 curies per gallon, or roughly 5 x 10-4 curie per ml. of RAX and
the time required for the solvent to pess through the RA Colum is lese
than 5 minutes. T

Over-all bete and gemma decontamination factors of 104 to 105 obtain-
ed with Henford slugs in 0.R.N.I. seni-works runs, together with over-all
uranium lesses of omly 0.0l to 0.02 per cent, further confirm the radia-
tion stability of TRP.

1.k  Chemicol properties
1.41 General

The chemiczl properties of TBP are those typical of esters derived
fronm inorgonic acids. Hydrolysis, the reaction of Principel interest in
the TBP process, is discussed in the following section. Tributyl phos-
Phate has no active hydrogen atom and no Droncunced surface active rop-
erties. The butyl acid rhosphates, however, are egents capeble of form-
ing strong complexes (notably with uranium) which, in turn, may exhibit
unfavorablé distribution coefficients and emuleifying characteristics.

1.h2 Hydrolysis

The hydrolysis products of TBP adversely affect fission-product decon-
taminetion and uranium losses in the *BP process, as indicated in Section
C of this chapter. The hydrolysis proceeds through the dibutyl (DBP) and
menobutyl phosphates {MBP) to orthophosphoric acid, the first 8tep being
rate determining.(eo), Representative bydrolysis rates for a two-phase
system are given in the table below for TBP in the presence of 3 M HN03
with an aquecus-to-orgenic volume ratio of 1. The bydrolysis is First>
order with reaspect to HNO3, and zero or first-order with reaspect to TBP.

Rate of Hydrolysis of TBP in Contact With 3 M Nitric aciq(61)

Temperature, Fraction of TRP thfniife Induction
°c. Decomposed per Day, k (Composite)(a Period
25 0.00001(b) 50 to 100 yr. -
76 0.00045 ' 3yr.(c) 8 aays
105 0.0023 7 mo. 2 days

(a) Calculated on the basis of zero-order kinetics,

(b) .

Calculated valye.

(c) The half-lives of dibutyl and moncbutyl vhosphates under
similar conditions are 8 and 18 days, respectively,
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The hydrolysis of pure TBP in 3 M HNO3 (equal volumes) may be estimated
at any temperature by the equation: : :

logiok = - 5% + 5,86 - < = o = = = == (1)

where k = the fraction of TBP decomposed per day, and T = temperature in
degrees Kelving ' ' :

A comprehensive plot of the rates of hydrolysis for the series from
tributyl phosphate to orthophosphoric acid is given in igure IV-1. From
an extrapolation of the data, it is apperent that the hydrolysis of TEP
at 25°C. éver a 30-day intervel is immeasurably small. ‘

The rate of hydrolysis in the aqueous phase as compared to the or-
£k ganic phase, le greater by a factor of about 230. However, this is off-
o . set by the low solubility of TBP in aqueous solutions (see under Bl.32)
= so that when the two rhases are compsrable in volume the "effective
= bydrolysis takes place in the orgenic phase. The rete constents for
§:§ hydrolysis in either phase are summarized in the following table: {

oL

&= . ' ; g&ﬁrolyaia Constants of TBP
| Temperature,°C. H(ag.) k* (org.)
s . o.00k 0.00002
76 . 0.06 0.0002
10 0.28 0.0012

+ *)Fraction decomposed per day per M nitric acid.

~ The application of the rate of hydroclysis of tributyl phosphete to
a system in which a diluent is employed is uncertain, However, it may
be assumed that a rate calculated from the data in the rreceding tables
vill give the upper limit.

2. Diluent

2.1 Introduction

The inert diluent for TBP in the TBP process is & highly murified
saturated-hydrocarbon mixture, boiling in the kerosene range (190° to
270°c.). Solvents meeting specifications for the diluent are commercial-
ly amilable under trade names such as Decbase, Bage 011 C, and Shell
Deodorized Syray Base. '

2.2 Specifications

The specifications for the diluent are given in the following table:(89)
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Diluent Specifications for the Uranium Recovery Process

Viscosity 2.0 centipoises or less at 25°C.
Flash point 140°F. or higher (Teg or Pensky-Martens closed cup).

Combined olefin _
and arcmatic eontent 2 per cent by volume or less (ASTM D-875-L6T).

Specific gravity 0.8 or less at 25/4°C,

2.3 Physical properties

The physical properties of gome commercially available kerosene
fractions are given in Table w-2.(54%) some of these diluents do not
meet the specifications in regard to flash point and/or eromatic content.

The following physical Properties apply to commericsl grade kerosens
4 are comparable to those of the diluent employed in the TRP process:(3)

an
(6

Fhysicel Properties of Commercial Grade Kerosene
Heat of vaporization 60 cal./g.
Surface tension ' 28 dynes/cm. at 20°¢.
Interfacial tension (oil-wonter interface) 48 dynes/em. a; 20°¢.
Upper explosive limit in air 6.0 volume per cent
Lower explosive limit in air 1.2 volume per cent
Ignition temperature L90°F .

2. The vapor temperature is plotted against the percentage of the total
volume of each solvent distilled. The curves for Decbsse and Shell De-
odorized Spray Base are similar, indicating thet they 2re composed of
hydrocarbons in approximately the seme molecular weight range. The norrow
bolling reange exhibited by AMSCO 125-90W indicates that it is the result
of a more selective refinement than either of the other two diluents.

The vapor pressure of Dechase as a function of tempereture is shown
in Figure IV~-3. Curves sre given for three approximstely equal distilla-
tion fractions of commercial Dectbase.

2.4 Chemical properties

Inertness toward chemical reaction with process materials wos a ms jor
consideration in choosing the diluent. The diluent is composed mainly of
roreffin  hydrocarbons, the aromatic and olefin  hydrocarbons having
been almost entirely removed by the manufacturer’s trectment. The per-
centege of naphthenes may vary somewvhat depending on the source of the
¢rude oil, The 1odine numbers given in Teble IV-2 sre 8 measure of the
olefin content. At an assumed average molecular weight of 150, the per
ceut of olefins is approximately 0.7 of the iodine number.
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Except for the traces of ercmetic and olefin - hydrocerbons, the
diluent used in the TBP process is chemically umreactive in contact vith
process golutions at ambient temperatures. The diluent, AMSCO 149-92 Br,
which contains about 7 end 1 weight per cent of arcmatics and olefins
respectively, undergoes nitration when contacted with a 3M HN03-0.01

"M KNO, solution st 60°C. Following o 5-hour exposure pericd to these

conditions, this diluent is found to contain 0.98 weight per cent nit-
rogen after one water wesh as compared to 0.2 per cent found in TBP

when tremated in en identical mamner .?55) AMSCO 125-90W, which meets the
specifications in rggard to eromntic and olefin content, will react with
3 M BNO3 et 105°c.(60) A two-phase system composed of an equal volume of
RAX (15 volume per cent TBP in AMSCO 125-90W) and 3 M nitric acid reacts
as soon as the boiling point is reached {105°C .), and the reaction pro-
ceeds until the nitric acid concentration in the orgonic phase hos chang-
ed after 6 days from 2.0 M to 0.07 M, and in the aquecus phase from 1.5 M
to 0.5 M. No decomposition is noted under similar conditions at TOC.

3. Solvent-~Phase Jolutions

3.1 Tributyl phosphate-diluent systems
3.11 Introduction '

The orgenic extractant used in the TBP process is a 12.5 volume per
cent solution of tributyl phosphate in en inert hydrocerbon diluent. The
physical properties of TBP-diluent mixtures, as well as those of solu-
tions of U02(NO3)2 and HNO3 im the TBP-diluenu system, are presented below.

3.12 Fhysical properties

- The density of TBP-d:Lluent mixtures may be calculated from the
following equations(54)

ixture = 0.972Mpgp + Npyluent Ipiluenmt - - - - - - - (1)

vhere & = density et 25°C., g./cu,cm.
Nypp = volume fraction of TBP, and
Npiiuent™ Volume fraction of diluent.

Values derived from this equotion ore compered with experimental volues
in Figure IV-4, in which density is presented as a function of the con-
centration of TBP in Shell Deodorized Spreoy Base.

The refroctive index of a TBP-Shell Deodorized Spray Base mixture
1s a Tinear function of the concentration of TBP os shown in Figure IV-L.
As the concentration of TBP increases from 10 to 20 volume per
cent, the refractive index decremses from 1.4h26 to 1.4L03.

The viacosity,n (in mill ses), of TBP-diluent mixtures may be
g& ‘
calculnted from the equation:

108, 01 yx. = Npgp (1+345 + 0.36 Nppp) + Npj300n1 19810 7 pyjuens - = (2)
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where Nepp ‘= volume fraction of TBP, end /F/é.o

Nbiluent _ yolume froction of diluent.

The chonge in viscosity of the extractont with tempersture is illustrated
in Figure IV-5, where the viscosity is seen to decrease from 2.3 to 0.5
centipoises as the temperature is increased from 15° tc 90°C. The temper-
ature coefficicat is shown to be approximately equal for extractant and

. Teed. '

‘The flash-point of the solvent increases as the concentration of TBP
increases fFigure IV-6), and my be estimnted from the equotion:{54)
A-T=-Tg/eaoomsmn,--~--~-----7-(3)-

where T, = flash point of pure diluent in degrees Kelvin, and
N =mnole fraction of diluent. '

Filgure IV-6 shows the close fgreenent between experinentzal and calculated
values.

3.2 TBP - diluent - U0o(NO3) 5 - HNO3 systems

3.21 Physienl Iroperties

Ihe theoretical saturoticn concentration of uranyl nitrate in 12.5
volume per cent TBP in diluent is 0.22 M, corresponding to one mole of
urcniunm for ecch two moles of TRP.

Ihe densities of solutions of uronyl nitrote and/or nitric acid in
TBP-diluent mixtures may be calculated from the following equotions:(69)

dos = dg + (0.39% - 0,086 dg) (M UOx(NO3)p)+ (0.063 - 0.0U6 a ) (M HN03) , =)y

where dps = density of soluticn at 25%.,
ds = density of TBP-diluent solvent ot 25°C. (for method of
caleculation see under B3.12), and
M = concentration in moles ber liter,

The following equation my be used to calculate the density of TBP-diluent
- UOQ(N03)2-HNO3 solutions at temperatures between 30° and 70°%.: (70}

toc, = dg + (3420 - 0.005 £ - 0.008 TEP) 1072 y HNO5- !

- (7.4 + 0.01 T8P + 0.0045 UNE) 10°F ¢ i
+ 2.1 x 10-3 TBP

+ (6.30 - 0.005 t + 0.009 TBP) 104 tNE, - - - - . . (5)
where dp = density of the diluent at tOC\,
-t = tempernture in °C.,
TBP = concentration of tributyl phosphate in volume per cent,
¥ = concentration in moles per liter, and
L

concentration of urenyl nitrote hexohydrate in granms rer liter.
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A density-weight per cent-molarity conversion chart is given in Fig-
ure IV-’; for UG0p(NO3)p in a 12.5 volume per cent TBP solution in Decbase.
(34)(40) pifferent sets. of curves are required for different diluents and
for concentrations of TBP other than 12.5 per cent.

The effects of temperature on the densities of feed and extractant
are compered in Figure IV-8. The temperature ‘coefficient is-agprozim%te-
1y equal for the two pheses over the temperature range from 25 to 757C.

‘ The viscosities of solutions of ursnyl nitrate in TBP-diluent mixtures
are shown in Flgare IV-9 as a function of the concentration of UOp(NO3)a.
Curves are presented for 15, 23, and 46 volume per cent TBP in Deobase,

and for 15 volume per cent TBP in AMSCO 125-90W. The rate of change of
the viscosity. with uranium concentration is seen to increase with in-
creasing TBP concentration. '

L. Agueous Uranium Nitrate Solutions
4.01 Introduction

Subsequent to the acidificetion of the uranium waste slurry, the
properties of the TBP aqueous feed streem are those of a solution of
uranyl nitrate.and nitric acid containing the additional ions Na ¥,

4*, and 80 . Minor components, such as fission products, pluton-
ium, and chloride ion, have no significant effect on the properties
discussed in this section. The physical properties of this uranium
gtream as presented heie are of concern primarily in the fimal feed
adjustment step. The cffect of these properties on FA Column perfor-
mance are .discussed in Section A of this chapter.

' The aqueous system containing only uranyl nitrate and nitric acid’

i encountered as the aquecus effluent (RCU) from the stripping columnm,

and its physical properties are of importance in the final RCU concen-
tration step (see Chapter VII) as well as in their effect on column per-
formance itself. : ‘

Also included below are aqueous systems containing NpNO3 in addi-
tion to the components indicated above. ’

4.02 Solubllity
U02(NO3)2 - HpO system

A seturated solution of uranyl nitrate at 25°C. represents about T2
per cemt by weight of UOp(NO3)p-6Hz0 or 2.6 moles per liter.(4) The solu-
bility of uranyl.nitrate is presented as a function of temperature in .
Teble IV-3 and the temperature-solubility phase diagrem is included in
Figure IV-10.(12

| UOp(NO3)2 - HNO3 - HpO system

Nitric ecid markedly reduces the solubi%ity or uranyl nitrate in -
vater as 1llustrated in the following tablae: L)
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Composition of Saturated Aquecus Solutioms at 25°c.

In Equilibrium with In Equilibrium with In Equilibrium with
U02(N03 )2 *6H20 as U03(NO3 )2 -3Hp0-as o] (NO;%E'QHQO as
Solid se i Solidm;hase _ §9£;d se
“Wt. % W % Wt. % Wt. % Wt. % Wt. %
U0o(N03)2 HNO3 UO(N03 ) ENO4 U0o(NO3) 5 mro3
36.08 .0 36.28 32.21 27.24 55.24
Lo.36 12.35 27.18 46,12 23.65 60.33
30.20 25.14 25.79 5043 22,29 66.71
29.65 28.67 26.77 53.:20 22.49 68.83
31.27 29 .64 27.b9 53.71
36.72 30.43
37.99 30.15

The temperature-solubility phase diagrams for the UOp(NOg3)p - ENO3 -
Hp0 systemes are given in Fi?ure IV-10 for 0.0, 0.3, 1.0, and 3.0 M nitric
acid concentrstions.{12)(17

Multi-component systems

The solubllity relationships et 25°C, for aqueous solutions contain-
ing phosphates and sulfates as well és-UOg(N03)2, ENO3, end NalNOq are
given in Figure IV-1k, Uranyl acid rhosphate is seen to be the iimiting
component for low acid sclutions, whereas NaNO3 limits the solubility at
the higher nitric acid concentrations.

The normal salt (U0p) (POy)p exnibits retrograde ‘sclubility, i.e.,
the solubility decreases with an Increage in temperature. However, lab-
oratory experiments designmed to simulate Plant conditions for the cvapora-
tion of acidified uranium waste solutions have showm no conditions undsr

vhich the sol :bility is linited by this salt.(51)

k.03 Density
U02(NO3)3 - Hz0 system

The densities of agueous solutions of uranyl nitrate from O to 90
welght per cent 302(N03)2 are presented in Table IV-3. From O to 55 per
cent UCo(NO3)p, the dehsities are given for 25°C.; from 56 to 90 weight
per cent UOQ(NO3Zfé“thB dénsities are given at the saturation temperature
of the solution,(i2)

U02(NO3)p - HENO2 -. HpO. systems

The density of the UO2(NO3)2 - HNO3 - HpO system (corresponding to
the RCU stream) is presented in Tatle IV-% as a function of increasing
UOg(NO3)2 concentration and decreasing HFO, concentration as determined
at the saturetion temperatures of the solutions.(50) The densities st
the boiling points of the solutions are given in Figure IV-11,(12)
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o .
and mey be calculated for 25 C. by meeans of the equetion in the following

- paragraph.
U0, (N03 )5 - HNO, - NaNO; - HdO system

The densities of t?ig system at 25°C. are given in grams/cu. cm.uby
the following equation: 19) o *

d = 1,0012 + 0.3177 3'3102(&03)9 + 0.03096 -MEN03 + 0.051 ﬂNe.NO:i -e-(1)

-~

Tais equetion gives an accuracy of & 1 per cent up to a concentration of
5 M HNO The effect of temg?rature on the density of this system is shown
in the %ollcw1ng equation :

d, = 1.0125 dpgeq + o.q001§5 t - 0.000500 £ & 5500 - 0.0036 ---(2)

where t = temperature in °c.

Multi-component systems

The densities at 25°C for aqueous solutions containing phosphates
and sulfates in addition to uo, (W0 )y, HNO,, and NaNO,, are given in
Table IV-5. These compositions co;respond3to the appéoxlmate concentra-
tions of the aqueous feed, BAF, to the extraction column (see Chapter I11).

4,0k Viscosity
U0 (NO3)s - ENO, - B0 system

The viscosity of the UC, (NOq)p - HNO, - H,0 system (corresponding
to RCU during the final concentrgtion ste%) is given in Table IV-4. The
viscosity shows a reguler increase with increasing UO (NO )2 concentration
and e?hibits a 20 to 40 per cent increese with a two-fold increese in shear
rate, (50

9921§Q312 - HHO, - NENO - HnO svetem

The viscosities of th}s.system et 25 C may be calculated by means of
the following,equation-

Log1gW = 0.9527 + 0.2426 Myq, (04), 4+ 0.0100 .M.QUOQ(HO3)2
+ [0.0089 - 00,0023 %02(1\103)2—!1%03

+ E3-025 + 0.015 M0, (N05)p * 0.005 Mo, + 0.00?_! MMN% ---(3)

vhere YW= viscosity iﬁ millipoises.
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Multi-coggonent systems

The viscosities of multi-component solutions corresponding to RAF
selutions are given &3 a function of temperature in Figure IV-12{"%6}(88)
The viscosities at 25 C, are given in the following teble for (a) RAF
cbrresponding to Flowsheet TBP-HW No. 5, (b) the corresponding aqueocus
Phase at the column aguecus feed inlet, and (c) this seme aqueous phase
neer the bottom of the extraction sectionm, (29

Viscosities of RAF, RAFS, and RAW at 25°C.

Composition, ¥
Total Density, Viscosity,

F Phase U PO* 50,% Net  HNO3 NOo~  G./M1., Millipoises
ey RAF, TBP-EW 0.186 0.16 0,18 2.65 3.0 5.19 1.286 16,4
22 No. 5
xg
= Aquecus phase 0.152 0.10 0.12 1,75 3.2 4,71  1.2407 1k.3
A at feed
" inlet, RAFS
Aqueous phase 0,015 0.10 0,12 1,75 3.1 k3% 1.1575 o 13.2
at bottom &F

exth, section

L.05 Hydrogen ion concentration, pH

HQE(NO322 - Héo srgtem

The pH's for this system at 25°C. are g%veT in Table IV-3 for solu-
tions from O to 43 weight per cent U0, (N03)s{12

U0, (NO3)» - ENO, - H,0 system

The pH values of solutions from -0.2 to +0.5 M HNO_ ere given at four
levels of uranyl nitrate concentration in Figure —13.(LO) Sodium
nitrate has little effect on the pH of acid solutions of U0, (W03)a.
Neutral or acid-deficient solutions of U0, (H03)a, ?owiver, show a lower-
ing of pH by about 0.12 pH units per mole of ﬂamo3 20

Multi-component systems

The effect of acid concentration on the stability of ti-component
systems (RAF solutions) is illustreted in Figure Iﬁf’-ll‘r.(33)g‘i In the
range of HNO. concentrations required to memintain stable RAF solutions,
the pH is approximetely zero.

P& DECLSSFED
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4,06 Saturstion temperature

g921§g312 - géo svstem

The tem?ggsxure-solubility phase diagram for this system ie given in

Figure IV~10

QQQ(N0322 - HNO3 - Eéo system

The temperature~solubility phase diagram for this system 1s given in
Figure IV-10 for HN03,concentrations ranging from O to 3 M.

The UO, (NO3)n - HNO3 - B0 systemfali which constitutes the aqueous
uranium eff uen% ?RCU: 0726 M UOn(NO3)p, 0.3 M HNO,) from the RC Column,

is illustrated in Figure IV-15A, where saturaticn ﬁemperature is given as

a function of the degree of concentration. TFigure IV-15B gives & curve ;.
showing the- per cent removal of the ENO, during the concentration operation.
The saturation tempereture and composition of RCU are presented in Table

IV-4 as a function of degrce of concentration from 50 ta 89 welght per cent

U0, (N03 )z
QQQ(NO312 - EI'IO3 - Na.NO3 - Hao system

Segments of a phase diagram for this system are shown in Figure IV-.14. In
the concentration range covered, the effect of uranyl nitrate is seen to
decrease with increasing nitric acid concentration. The component freezing
out along the 0,0 and 1.0 M curves 1s ice while the ¢ gn?nt freezing out
along the 2.0, 3.0, 4.0, and 5.0 M HNO, curves is NalNO- >

Multi-component systems

Multi-component solutions, approximating the composition of agueous
feed to the RA Colummn,are listed in Table IV-5 where saturation tempere-
tures are given as a function of the concentrations of the various constit-
uents over a renge of uranium concentretions from 0.15 to 0.37 M.

The saturetion temperatire of an RAT solution corresponding to Flow-
sheet TBP-EW No. 5 (TBP-HW No. 4 before concentration) is shown in Figure
IV-15A a8 a function of the degree of concentration, and in Figure IV-1lh
the solubility of this multi-component system as a function of acid content
is presented for varying Na-to-U ratios when the phosphate, sulfate, and
uranium molarities ere approximately equal, &s sgtipulated in the lowegheet.

4,07 Boiling points

@2_@3E - HCO systems

The bolling points of aqu?ogi'sc}utions of UOy(NO3)p are given in
Table IV-3 and in Figure IV-11}12)(59

gga(ﬁo3le - HNO, - 10 system

v DECLASSFED 'Y
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The boiling points of this system from O to 80 per en? UOE(NO3)2
and from O to 60 per cent HN03 are given in Figure IV-11}12, : '

- The bolling points of -the U02(N03)2u-»HNO - H,0 system, correspond-
ing to concentrated RCU, are given in Table IVak as s function of the
degree of concentration from 50 to 89 welght per cent UQ, (NO )2.',(SEe
Chapter VII for a detailed description of the RCU concen%ratéon procedure, )

4,08 Specific heat

QQQ(NO312 - B,0 system ' . R _ S
- The ‘specific heats of urenyl nitrate solutions roT Oto b M (70
weight per cent U0, (NO Jo) are given in Figure IV-}7'91 Since the sat-
uration concentration is 2.6 M (55 per cent) at 25°C., specific heat
- values ebove that concemtration inelude solid UQ, (NO3)s -OE,0 which hms .
crystallized out, The specific heat of solid-UOz(N03)2-6HéO at 25 C. is
0.23 calorie/(gram)(°C.). Figure IV-17 includes, alSo, specific heet
curves for HNO3.and NaNOB" : o

k.09 Refractive index

vo,, LN03_12 = B0 system

The refractive indices Tfor this igitem from 0 to 55 weight per cent
UO, (N0, )}, are included in Table IV-3{ . -

L.10 Molarity - weight per cent conversion

2921§g32é J‘Had system

Convers?on curves for UOQ(NO3)2 and U0, (WO )o.6H,0 are given in
Figure IV~-18{12) In view of %he Very smell contributIon which nitric
acid makes towards the density of solutions of moderate urenyl nitrate
concentration ((see equation (1) under L,03, ebove), the conversion curves
of Figure IV-18 may be used for solutions containing up to 2 M HNO3 with
an error of only a few per cent.

If the denﬁity of any system is known, the conversion of concentra-

tion units for any of the components moy be obtained from the general
equation:

Weight per cent = Molerity x Formula welght
10 x Density

vhere the density (in grams/cu, cm.) and molarity are determined at the
same temperature. '

5. Aqueous Mixed Sodium Salt Solutions

5.1 Introdustion

- DECLASSIFIED s
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The highly acidic agueocus raffinate from the RA Columm is neutralized
with sodium hydroxide and is then concentrated and stored underground. The
degree of concentraticn possible is directly governed by the physical proper-
ties of the resultant concentrate as discussed in the following paragraphs.

5.2 RAW

5.21 nggosition

The estimated flowsheet (e.g., TBP-HW No, lt) compositions for RAW are
based on the assumption that the agqueous feed to the RA Column is prepered
from a slurry of sludge and supernate combined in the ratio existing in the
underground storage tenks. However, aguecus fecd streems prepsred from
sludge slurried with water, or prepared directly from concentrated supernate,
are conceivable and, as such, represent limiting cases. The composition of

g&j RAW may thus vary over wide ranges of concentration as the RAF composition

= fluctuetes between these limits, The wvariation in RAW composition with

& flowsheet conditions is shcwn in Teble IV-G as & function of the RA Column

=y equecus feed composition{#3) (L‘)(56) These compositions do not include
N any contribution from the RO Column agueous westes.

—t :

oy 5.3 Neutralized RAW

5.31 Coggosition

The compositions of neutrelized FA Column aqueous waPE? for Mlowshests
TBP-EW No, 4 and No, 5 are given in the following tables

Composition and Saturation Temperature of Neutralized and

Concentreted RAW as & Function of Degree of Concentration

Per Cent of RAW Volume

TBP-EW No. & TBP-BW No. 5 Saturation Na S0, Na,PO),  NelO,
Flowsheet Flowsheet Temp., C. G./L. G.7L. G. /L2
100 77 1h 31.0 25.9 332
8o 62 18 38.8 32.h k15
63 ko 26 kg2 k1.1 527
47 37 36 £5.9 55.1 706
45 35 29 68,9 57.6 738
L 34 80 70.5 =8.9 755

5.32 Physical properties

5.321 Effect of degree of concentration

The physical properties of neutralized Yggge are given in Table IV-T
8s & function of the degree of concentration which is expressed as the
percentage of the volume of FEAW and of the original volume of the waste re-
moved from the underground storage tanks.

— DECLASSIFIED i
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5.322 Saturation temperatures

The relationship between saturation temperatures and degree of con-
centration is shown in Table IV-7 and Figure IV-19, Theooptimum volume
of concentrated waste has a saturation temperature of 36 C., representing
about 47 per cent of the volume of the RAW (Flowsheet TBP-EW No. %) and
75 per cent of the volume of the parent stored urenium wastes. Concen-
tration below this point greatly increeses the freezing point without
materially decreasing the weste volume.

An increase in the sulfate concentration of up to three times the
nominal TBP~HW No.hk Flowsheet RAW concentration of 0.21M does not appre-
cilably change saturation temperatures. However, an increase in the phos-
phate concentration (O.lBM under TBP-HN Ho.l Flowsheet conditions),
either in the presence or absence of a corresponding increese in sulfate
concentration, m?;kcdly raises the saturation temperature as shown in the
following teble: 037 -

Saturation Temperature and Boiling Point of Neutralized

RAW Concentrated to 50% of Origiral Volume (TBP-EW No. U4)

Effect of Added Salts

Saturation o Boiling
Salt Added Temperature, C, Point, C,
None 35 111
3-fold Poug(a) . k6 111
3-fold soa=(b) 38 111
z(a)
3-f0}d PO.
plus
3efold soh'(b) 7% 111

Wotes: (a) W PC, added to make the POl,r= concentration 0.54M (i.e.,
3 timés the TBP-EW No. 4 Tldwsheet Poh' concentration of
0.134).

(b) Na,50, edded to make the 30, concentretion 0.63M (i.e.,

3 tim§s the TBP-EW No. 4 Flowsheet S0, concentration of
0.21M).
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5.323 Boiling points

The boiling points of neutralized, concentrated RAW ?ge shown in the
table below as & function of the degree of concentration: 3)

Boiling Point of Neutralized RAW (TBRP-HW No. &4)

o Waate Volunme ‘
Per Cent of Per Cent of Boiling
Neutralized BAW Stored Uranium Waste Point, C

-

100 . 159 102
70 | 111 105
60 - 95 107
50 79 111
45 71 112
4o 53 11%

See under 5,322, above, for the effect of added salts on the boiling point
of RAW concentrated to 50 per cent of its volume.

5.324 Density

The density of concentrated, neutralized aqueous waste is given in
Table IV-7 as a function of degree of concentration.

5.325 pHE

Wastes neutralized with 50 per cent NalU solutionrég)accordance with
flowsheet requirements, exhibit pH's of 11.% and above.”>’ The subseguent

concentrationgﬁgﬁp affects the pH of the concentrate only slightly,es shown

in Table IV-7 The slight effect on pH is due to the liberation of
some NH3 during the concentration step, as discussed in Chepter XII,

5.326 Viscosity

The viscosity of neutrelized, concentrated RAW is gilven in Table IV-7
as a function of degree of concentration.

5327 8Specific heat

The specific heat of neutralized, concentrated BAW is also given in
Table IV~7 as a function of temperature at two degrees of concentration.
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6.1 PFerrous ammonium sulfate

6.11 Introduction

Ferrous ammonium sulfate hexehydrate is a green,crystalline compound
which is imtroduced as = 0.05M aqueous solution in the RA scrub strean
for the purpose of reducing plutonium to the orgenic-~insoluble Pu(III)
state, The role of the reducing agent in the RA Column is discussed in
Section A of this chapter,

6.12 Physicel properties

Formula FeSOy. (NHy }»S0), . 68,0

Meolecular weight 392.15 (as the hydrate)
28k.,0 (as the anhydrous salt)

Melting point Decomposes at shout 100°¢C.

Solubility in Water(®)

Tempgrature, G. FeSOy,.(NEy,),S0y FeS0, . (NH), )5S0y,
cC. Per 100 G, H,0 Weight Per 8ent

o 12.5 11.1

15 20.0 1€.7

25 30.0 23.1

Lo 23.0 2k.8

50 10.0 28.6

0 52.0 3k.2

Density of Acueous Solutions{T)

FeS0),. (¥H), ),S0), , 15.5 25
Weigﬁf Pe# gen% 4y dh
2 1.015 1.013
b 1.032 1.029
6 1.048 1.045
8 1,065 1,062
10 1,082 1.080
12 1.100 1.098
14 1.118 1,116
16 1.136 e
18 1.154 —-
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6.21 Introduction

Sulfemic acid, or rather the sulfemete iom, NE5S04™, is used in the
RA Column as 2 holding reductant, where its function 18 to destroy nitrite
ion, and hence prevent the oxidation of Fe(II) to Fe(III) by nitrite ion
before the plutonium is completely reduced to Pu(III). Section A of this
chapter containg a discussion of the chemistry of reducing egents in the
RA Column, ‘

Sulfamic ecid is introduced into the RA Columm as a 0.10M solution
in the aqueous scrub stream..

6.22 Physicael properties

Formu}a HSO3NEQ.

Molecular weight ' 97,09

Appearance . White crystalline solid, non-
volatile 0;jton-hygroscopic,
odorlessy=

Melting point ' EOEOC., with decqmposition(E)

Heat liberated upon 5800 calories per mole

dissolution in water

Solubility of Sulfemic Acid in Water(l)

Temperature, G. Sulfamic Acild Sulfemic Acid,
C. Per 100 G. H~O Weight Per Cent
0 : 14,68 12.8

10 18.%6 15.7
20 2l1.32 17.6
30 26,09 20.7
Lo ) 29.49 - 22.8
50 : R.& 24,7
50 37.10 27.1
70 4i1.91 29.5
8o - 47,08 32.0

All ordinsry salts of sulfemic acid are extremcly soluble in water,
being in most instances more soluble than the corresponding nitrete or

sulfate.
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6.23 Chemical properties

£.231 Acid strength

Sulfamic acid is considered a strong acid, being stronger than
rhosphoric acid, though weaker than nitric acid.{2} Ttg pH as a
funetion of conecentration is given in the following table,

DH of Aqueous Solutions of Sulfamic Acid

Concentration of

Sulfemic Acid, M PE
1.0 0.41
0.75 0.50
0.50 0.63
0.25 0.87
0.10 1.18
0.05 1.1
0.01 2.02

6.232 Hydrolysis

Sulfamic ecid hydrolizes according to the equation:(l)(67)

NE,805" 4 E,0 =m=== NE,* + SO, 7

The hydrolysis rate at room temperature is slow (sbout 0.1 per cent per
day for either e 1M sulfamic acid or a IM sulfemic acid—1M HNO, solu-
tion). A similar rate is found for & 1 M sulfemic acid —1M Al (ﬁo3 }a=
O, 3M HINOq solution. The hydrolysis is e Pirst-order reaction with réate
constents at 80°C. of 0.0456 and 0.0825 per hour (i.e., 4.56 and 8.25
per cen? §?CETposed per hour) for 1 and 10 per cent solutions, respecs
tively, (11 | :

£.233 Other reactions

Sulfamate i?g geacts rapidly, smoothly, and completely with nitrous
acid to give Né: 7

fa - -3
ENO, + NE,305" -— N, + 50,* + E,0 + E*,
WarT ﬁ?nccntrated nitric acid reects with sulfamic acid to produce
NEO gas._i _

i Sy bermanganate, and ferric chloride do not ctteck sulfamic
acia,?lS?{gT?§7j ’

A 0.1M sulfemic acid solution ozonated for six hourﬁ at room tempera-
ture decomposes to the extent of only a few per cent.(28

DECLASSFED sy



§

ek

39401

X
L2

14

ool

e L AN o Ao O AR — e, M‘:’f}‘\'ﬁ‘»}iﬂ_ﬁ.f("'-r_*ﬂ'--,\q;“ N T i

ET R . .
A

DECLASSIFIED

6.3 TFerrous sulfamate

.31 Introduction

Ferrous ion is used in the TBP process for the selective reduc-
tion of plutonium to the-organic~insoluble Pu(III) state:(see Section A},
and is supplied by commercially available ferrous ammonium sitifate,

An elternative to ferrous apmonium sulfate is the combined reducing
egent and holding reductant, ferrous sulfamate, This substance is not

commercially evailable, and 1f required, must be prepared on the plant
site,

6.32 Freparation

Faerrous sulfemate is prepared from iro? 5?Yg?r and an aqueous sclution
of sulfamic acid by the following reaction: 1

Fe + 2 HSO3NH2--Fe{SO3NHé)2 + Hé + 24,500 calories

6.33 Physical properties of ferrous sulfamate

Formule. Fe(S038E, )2
Molecular weight 248,03

Appearance | The 2.5 M solution is greenish-blue
in color. (19

Solubility The seturation concentration in water is
' in the range of 3.5 to 3.8 M at 25 ¢, (19)

6.34 Reactions and stability

High pH contributes to the stability of sulfamete ion towards hydrol-
ysis, while low pH is necessary for the stability of ferrous ion towards
air oxidation and consequent precipitation. The stebility of ferrous sul~
famete toward ferric precipitation is satisfactory upon mainteining t?e gﬁ
at 2 or slightly less with & 2 to 3 per cent excess of sulfamic acid,!1l%
The over-all stability of a ferrous sulfamste solution meintained at a pH
of 2 in a vessel containing an inert-gas blanket is limited by the rate of
hjdrolysis of sulfamate ion, This rate, as reported in 6.232, above, is
approximately 0.1 per cent per day at room temperature, and incremses to
over 4 per cent per hour at 80 C. The totel amount of sulfate ion in the
solution due to hydrolysis will be the sum of that produced during the pre-
paration of the ferrous sulfamate (approximately 1 per cent of the initial
sulfemic acid) plus that produced on aging.

The reaction between sulfamste ion and nitrous acid, described under

sulfamic acid (under 5.233, above), is the reaction which prevents the
oxidation of Fe(IX) to Fe(III) through an autocatalytic mechenism involving
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nitrite 1on{®7) 1n 5.0 M HNO;, where oxidation of Fe(II) to Fe(III) is
normelly rapid, sulfama?e }on maintains the half-life of Fe(II) in the
range of 30 to 50 hours}37
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7. Interfaciel Tension and Phase Disengaging Time

LY

"T.1 Introduction

The process of liquid-Iliquid countercurrent extrection involves inti-
mate contact between two. essentially immiscible liquids, during which time
the solute is transferred from one phase to the other across the Phase
boundary between the two systems. This desired contact is obtained in the
Redox process by dispersing in the continuous phase fine droplets of the
organic phase, which, owing to the specific gravity differential between
the phases, rise vertically through the more dense descending agueous
Phese., Interfacial tension in such a system, ammlogous to surface tension
in distillation and absorption processes, influences the size of the drop-
lets of the discontinuous phese.  Smaller droplets are more easily formed
with systems of lower interfacial tension, the droplet diameter being
proportional to the interfacial tension. Smell droplet diameters in turn
mean Increased interfaclal area, resulting in increased solute mass trans-
fer rates across the interface. The final result is manifested in lowered
B, E. T. S. and H. T. U, values.

Too fine a dispersion, however, which may result in the formetion of
an emulsion, is not des.iveble, owing to unduly incressed difficulties of
phese seperation w?ich oitweigh any adventages resulting from the increased
interfacial area{5 : :

The determination of the emulsion-forming properties of e system is
mede by meesuring the time required for the phases to disengege. The dis-~

,;_engaging_time=correlatesuapproximately'with extraction column flooding

capacity and entrainment losses., There seems %o be no indiredét method of -
determining disengeging times, since no reliahle experimentel correletion
has been found between interfacial tension, demsity, viscosity, etc., of
process streams end theilr disengaging times.

7.2 Interfacial tension. -

Interfaéialftensions between golvent (15 volume Per cent TBF in Deo-

-base) end aqueous process solutions have been determined at 25°C., Data on L

typicalfsystems:correspondin?igg TBP-EW No. 4 Flowsheet conditions are
e _ ‘ : :

“'OrguniceAéueous'Inferfadiél Tensions

S 16 L 5.1 4.7
5 R - lh—.T
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The variation in interfacial tension with a chenge in temperature from
15° to 75°C., was found to be negligible, falling within the limits of ex-
perimental error.

7.3 Disengaging time .

Disengaging time has been arbitrerily defined as the time required
for the separation of an organic from an aquecus phese, when the two have
been combined in the sppropriate ratio (usually the flowsheet ratio) to a
totel volume of 50 ml., and inverted in a stoppered, 50-ml, graduated cyl-
inder at the rate of once per second for 20‘seccndst

No direct correlation hes been established among phese densities,
interfacial tensions, and disengaging times, but it has been ohbserved that
no epprecisble aqueous entrainment in the organic effluent occurs during
RC Column runs when the organic holdup t%mg\is greeter than 7.2 times the
disengaging time (TBP-EW No. 4 Flowsheet), Since the orgenic residence
time in the RC Columm phase disengaging section is about 11 minutes, ague-
ous entrainment in the organic phase 1a not expected to occur unless the
disengeging time markedly exceeds 90 seconds.

Disengaging times measured on effluent stream semples from typicel RA
and RC Columm pilot-plant runs aversge LO to 50 seconds{56) No significant
effects on disengeging times of an RA extraction system have begn oQbserved
when excess soh=, Poh , or N03' were added to the agueous phase 39)

© 7.% Emulsifying impurities

The presence of emulsifying egents in minute quantities hes been noted
to cause wide varietion in the disengaging times of systems of essentially
identical macro-composition, The uranium~monocbutyl phosphate complex
causes stable emulsions 'in the RC Column when resent in the orgenic phese
in amounts of 0.0l volume per cent or greater( Monobutyl phosphate is,
”however, gquantitatively removed from the organic solvent by continuous

“countercurrent weshing in the RO Column with a dilute carbonate or other
wash solution, as discussed in Chepter XI. DibutXl phosphate does not
produce an emulsifying effect in the RC system

T

There is some indirect evidence (btased on Redox process experience)
that small amounts of silicecous matter in the RAF (derived from the Al-3i'
slug bonding layer or from sand blown into the underground uranium waste
storage tanks) mey cause cmulsification in the RA Column. However, dis-
solving coating removal waste in the RAF so that the RAF contained approx-
imately 100 p.p.m. silica has (in one experiment) e ib}ted no significant
cffect on disengaging times in the RA Column system

8, Heats of Extraction

In the RA Column system at 25°C., about 1 kilocalorie of heat is
liberated per mole of UO,(NO3)p trensferred from the agueous phase to the
orgenic phase under conditions approximati those found at the feed point
under TBP-EW No. 4 Flowshecet conditions ?g The trensfer of uranium from
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an aqueous phase into e TBP-diluent mixture inwolves the breaking of urs.
nium-phosphete and uranium-sulfetc complexes, the dehydration of uranyl
nitrate, end the formation of TBP~-urenyl nitrate coordination bonds, The
heet effects of bond breaking end formation arc compensating so that the
over-all heat of trensfer of uranium into TBP is small,

In the RC Column systcm, sbout 5 to & kilocalories of heat are ab-

sorbed per mole of uranium transferred from the orgenic phasc to the )
aqucous phase, over the range of compositions given in Figure IV-23(53}

C. SOLVENT-AQUECUS PHASE EQUILIBRIA

The solvent-cqueocus phase equilibrium date, which ere the subJect
matter of this section, are gresented largely in terms of the distribution
ratioc concept. The symbol By ; used throughout this section, stands for
the orgenic/aquecus distribution ratio, defined as g./1. solute in the
orgenic phase divided by g./l. solutc in the aqueous phase.

1. Uranium

1.1 Introduction

The successful separation of uranium from Plutonium and fission pro-
ducts is dependent upon the distribution ratios of these materinls between
the organic and aqueous Phases as a function of the camposition of the
phases involved in the transfer g8ystem, The following tables and figures
fllustrete the dependency of urenium distribution upon the Process vari-
ables end arc to be comparcd with plutonium and fission-product data as
given under C2 and C3 of this chapter, For a discussion of the basic
Principles iavolved in the TBP Process and the choice of optimum operaiting
conditions, rcference is mede to Section A,

1.2 RA Columm svatem

1.21 HREffect of uranium concentration

The effect of wranium concentretion on the uranium distribution ratio
is a function of the degreec of saturation of the organic phase with respect
to uranium, Sgturation of the orgenic phasc corresponds to complcte utie
lization of th tgibutyl phosphate by complexing two moles of TBP with one
mole of uronium{®4) The theoretical maximum solubility of UOQ(NOBJ2 in
12.5 volume per cent TRP in diluent is Q.22 s _

The quantitative effeoct of uranium concentration on uranium distri-
bution may be¢ scen from the inter-stage date given in Flgure IV-20A where
the illustrated compositions approximnte TBP-BW No. 4 Flowsheet conditions,
The uronium distribution retio, EgL 19 scen to increase by a factor of 10

on passing from the concentration at the feed point (0.2 M UOQ(NOBJEJ to
that at the bottom of the column,
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Urenium distribution in the scrub scction vories markedly with the
concentration of uronium present in the organic phasc (Figure IV-20B).
Scrubbing an orgenic extract, 48 per cent sataratcd with urenium, with
3 M HNO, gives o uranium distributlon ratio (org. /uq of 5.2: whereas
for a s%lvent 100 per cent satursted with wranium, the distribution ratio
at 3 M HNOg is 1.0. As the solvent epproaches uranium saturation, ure nium
dist 1b?ticn becomes less highly dependent on the nltric acid concentra-
tion$ 72

1.22 Effect of ritric ecid concentration

In the abscnce of the NalNO4 produced by feed neutralization, uranium
distribution into the orgeanic pgasc increcases as the aquoous phase nitric
acid concentration increeses, reeching a maximm velue at about 5.5 M
(Figure IV-21A). At higher nitric ccid concentrations e decrcese in
the uranium distribution retio (org./ag.) is noted, presumebly becausc of a
decrease in the activity coefficient of HNO,, The cffects of sulfate and
phosphate on uranium distribution, also illustratcd.in Figure IV-21A, ere
discussed under 1.25, below. As shown in Figure IV-21B, nitric acid in
the range of 1 to 4 M has only a slight ¢ffect on uranium distribution
under Flowshcet TBP-HW No. 4 conditionms.

1.23 Effect of tributyl phosphate concentration

The effect of tributyl phosphete (TBP) concentration on uranium dis-
tribution under RA Columa conditions is illustroted in the following table.
As the TBP concentration is increased from 10 to 15 volume per cent, the
uranium d%stfibution ratio (org./eq.) 1s scen to increeac by o factor of
about 1,772 : : ‘

 Uranium Distribution in the FA €olumm System

Effcet of TBP Concentrotion

Uranium Distribution Retio,

TBP Concentration, G.U/L. Orgenic
Volume Per Cent G.U/%L. Aquoous
10 3
12,5 3.8
15 2

1.24 Effect of diluent

_ With the hydrocarbons employed as diluents in the TBP process,
veriations in urag%um diptgibution pttributable to the diluent employed
are. negligible} (°0)(35) ‘ :

1.25 Effect of phosphnté and. sulfate

The effect of the presence of phosphate and sulfate is to decrease
uranium distribution into the orgenic phase, phosphete being more effective
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timn sulfate in this respeet (Figures Iv-21A, IV-22A, and IV-22B). This

is especially epparent in the dilute uraniun region of the RA Column, where
an increasc in the phosphate concentretion from 0.1 to 0.4 M decreases the
urenium distribution ratio, EJ, by a factor of about 3(35

1.26 Effect of butyl acid phosphates

Butyl acid phosphates, undesi ab}? hydrolysis products of TBP, form
very strong complexes with uraniumi30) (60 The cffects of these complexes
on uranium distribution under RA Columm conditions ere not apparent due to
the high ionic strength of the aqueous phase and the direction of uranium
trensfer, In the RC Column 8ystem, howcvor, the stability of t?e complexes
brevents the transfor of uranium back into the aqueous phose (& (See
under 1.3k, below. )

1.27 Effeet of temperature

The effect of temperature on uranium distribution is ghown in Figure
IV-23, Over the tempernture range of 0° to 80°C., uranium distribution
into the orgauic phasc 1s Tavored by a decrcase in temperature, the effect
being grenter at low uranium concentrations{53)

1.28 BRA Column equilibrimm diagrams

Chenges in feed camposition resulting {rom veriable sludge and super-
nate compositions and volume ratios (see Chapter III, Secticn A) require
changes in opereting conditions in order to realize maximum Processing
capacity consistent with acceptable uranium losses, The chemical process
variables, H3PO;, HpSO,, HNO,, NaNO., UOQ(NO3)2, and TBP concentrations,
are correlated in Figures Ivéeh thrgugh IV-27.” The correlations are
presented on the basis of the equilibrium "constant", X, in the equation
representing the mechanism for the extraction of uranium by TBP solutions.
The extraction is represented by the reactiontZ

U, (aq. ) + 2NO;~(Aq.) + 2TBP(Org.) === UO,(NO;)5.2TBP (Org.),--(1)

from which an equilibrium "constant” may be calculated and expressed in
the following form (see Section A):

F§ = [KENO3"(Aq.)]2[TBP - 2um(org.)] 2 , - - - - - - - _(a)

/L. Org.

where Ep = uranium distribution retioe, g'g = ’
. el g q-

K = equilibrium 'constent",

1]

NO3 total nitrate concentretion in the equeous phese, M,

TBP = total tributyl Phosphate concentration in the orgenic phase,

M, and
UR = uranyl nitrate concentration in the organic phase, M.
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The curves of Figure IV-2i permit the estimetion of the equilibrium
"constent K, for varying concentrations of SO,", POL", NaNO,;, and HNO,.
The equilibrium curves of Figures IV-25, IV-26, and IV-27, with parame%ers
expressed in terms of K, may then be used in determining urenium equilibria
for an orgenic phase containing 10, 12.5, or 15 volume per cent TBP in

_diluent.

Epe curves of Figgge Iv-24 agree closely with direct experimental data
for K# = 1, but for K2 values of 0.5 or 2 an error in Y of about 5 per
cent is found at an X value of 100 g. /l of U0 (N03)0.5Hé0 This error
drops to zero per cent below an X value of 10 g./l., and may be neglected
in most run calculations since the major pert of the calculation involves
the range below 50 g./l. in the aqueous phase,

As an example, the use of the figures is illustrated for & run made
under TBP-HW No. 4 Flowsheet conditioms. From the known composition of
feed and scrub, the concentrations of POL®, SOL~, Ne*, and E', in the

aqueous phase may be celculated to be 0.17, O. lT, 2 71, and 2. 6h molar,

- respectively. The use of these soh and POL- concentrations in conjunc-
tion with Figure IV-24A gives e Ky value of 1.25. The value of K, is de-

termined from Figure IV-248 using the aqueous phase concentrations of

"free" HNO, and NaNO3. Converting the EF M to "free" HNO; (B* M - 250~

M - 3POLE ﬁ) glves a value of 1.79, which in conjunction #ith the previ-
ously determined NeNO, concentration permits the value o K, (1.15) to ve
read from the chert., The product of K, and K, gives & value of 1.hk,

The product of the value and the L tal NOq~ concentration in the agueous
vaste stream (k.45 M) gives & (K3NO,~, velue of 6.41. Interpolatign between
curves 6 and 7 of Figure IV-25 (par@meters cxpressed in terms of K2N04~ )

 gives the desired equilibrium line.

1.3 RC Column system

1.31 Effect of uranium concentration

The ionic strength of the RC Column system is much lower than that of
the RA systém; consequently, the effect of uranium concentration on ures
nium digtribution is more promounced, This is illustrated in Figure Iv-28.
In the absence of HNO, the uranium distribution ratio (org./aq.) increases
a thousend-fold as thd urenium concentration is increased from l to 50
g./l. In the presence of 10 %. §N03/1 the effect is reduced dvue to the
salting action of nitric acid{32)  ~{ 8) (see 1.30, below).

1.32 Effect of nitric acid concentration

By referring to Figure IV-28 it mey ve scen that HNO, increases ura-
nium distribution into the organic phase merkedly in the gilube region of
the RC Column. At a 0.0) M'UOE(NO )p concentration in the aqueous phese thi
uranium distribution retio (org. /aq. increases a thousand-fold as the
aqueous phese nitric acid concentration is increased from O to 10 g /l
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1.33 Effect of tributyl phosphate concentration

Increesing the concentration: of TBP in the solvent incresses uranium
distribution into the organic phase. At 100 - /1. U0 (¥05)5.58,0 in the .
equilibreted aqueous phase with no HNO3 present, uranium gistri ution into
the orgenic phase is increesed by & factor of 2 as the TBP concentration
is increesed from 10 to 15 volume per centf{38 The effect increases
slightly with decreasing uranium concentration, '

1.3% Effect of butyl acid phosphates

The deleterious effect of dibutyl phosphate on uranium distribution
in the RC Column may be seen from the following dete in which an organic
Thase (RAX), consisting of 15 volume per cent TBP in Decbmse containing
varying amounts of dibutyl phosphate, was equilibrated with en equal(sé)
volume of agqueous solution containing 1 or 10 g./1. U0, (NO3 )y . 6H,0.

Uranium Distribution in the RC System

Effect of Dibutyl Phosphate (DBP)

Orgenic Phase Aqueous Phase Uranium Distribution
DBP, G. /L. UNg, G./T. Ratio, EJ

.0 1 0.0C2

0.2 ‘ 1 - ‘ O.k1

1.0 : 1 - 21.0

0.0 10 0.02

¢.2 10 0.07

1.0 10 .22

The presence of small quantities of DBP thus prevents the stripping orf ‘
uranivm back into the gquecus phase, the effect increasing with decreas-
ing uranium concentration.

The complex formed between uranium and monobutyl phoaphate is a
precipitate insoluble in either Phese and, under dilute RC Column condi-
tions, results in the formation of stable emulsions or intcrfacial scum(55)

1.35 Effect of temperature

The effect of an increase in temperature 1s to decrease uranium
digtribution into the organic phase (Tigurc IV-23). The effect is rela~
tively slight, an incresse from 20° to h0°C, decreasing the uranium dis-
tribution onl- by a factor of about 1.5 et uranium concentrations ol
ebout 0.1 3(55)
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1.36 RC Column equilibrium disgrams

BEquilibrium lines for - RC Column operation, with 10, 12.5, and 13
volume per cent TBP in the feed, are shown in Figures IV~29 through IV-31.
" The nitric acid concentrations which are given permit the estimation of

uranium equilibria under a wide.range of conditions, :

The slopes of the eqﬁilibrium lines decreese from about 3 to 1 as
the nitric acid concentration is increased from O to 30 g./l. in the aque=-
ous phese. Similarly, a decrease in the slope of each equilibrium line is
 found ebove epproximately 30 g./l.wUOQ(NO3)2.6HéO in the aqueous phese,
2. Plutonium ' |

2.1 . Introduction

Although the bismuth phosphete process uranium waste contains only 1

" to 2 per cent of the plutonium initially associated with the urenium, a
decontamination factor of sbout L0 is required in the TBP process to meet
the specifications of a uranium-to-plutonium weight ratio of 107 in the
uranium product. This degree of decontemination is attained by the reduc-- -
tion of Pu(IV) in the PA Column to the essentially non-extractable Pu(III).
The: reducing agent, Fe(II), is added to the scrub siream along with sulfe-
mete ion which ects as & holding reductant to prevent the premature oxida-
tion of Fe(II) to Fe(III)} in the column, The small amount of sulfate ion
introduced in+o the scrub stream by the addition of Te(II) as ferrous am-
monium sulfate has no appreciable deleterious effect on uranlum extraction.
Consequently, chemical addition to the scrub solution is mede in the form
of ferrous ammonium sulfate and sulfamic acid instead of the more difficult-
1y prepared ferrous sulfamate.

The following paregraphs show the dependency of plutonium distribu-
tion on the several process veriables. In many cases the data for Pu(III)
arée umevaeilable because of its low distribution into the organic phase.

2.2 Effect of oxidation state

A comparison of the distribution ratiocs of Pu(III), (IV), and (VI),
as illustrated in Figure IV-32, shows the distribution retio (org. fag.)
of Pu(IV) from an agueous phase containing 1.5 M HII0, to be higher than
those of Pu(VI) and (III) by factors of 2 and 32, respectively. The dis-
tribution retio of Pu(III) is of particular interest in the TBP process
since it is the oxidation state encountered in the RA Column. Its distri-
bution retio, B (org./eq.),is low -- on the'ordef of 0.0l at en aqueous
phase concentration of 0.0 M UOy(NO3)> and 1 M HNO T35} However, since the
presence of trace emounts of the mofe easily extraltable Puf{IV) will give

an apparent high Pu(III} distribution ratio, this experimentally measured
value for Pu{III) distribution may be considerably in error.

2.3 Effect of complexing agents

The following data show the effect of butyl acid phosphates on Pu(IV)
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Effect of Butyl Acid Fhosphates oh Pu(IV) Distributicn

Adueous phase: 3 g_HNO3.. Eqﬁal-volume contacts at 25°C,

Organic Phase Pu(Iv) B8
15 vol. % TBP in Dectase . ‘ h. 63
1 vol. % BAP*, 15 vol. % TRP in Deobase 237
0.1 vol. % BAP*, 15 vol, % TBP in Deobase 63

1 vol. % BAP* in benzene , . 27h

0.1 vol, % dibutyl phosphate in benzene . 2k.3
0.1 vol. % monobutyl phosphate in benzene 2, 1%

'*WEquimoiar'mixtufe df monobutyl and dibutyl phosphatea.

** Precipitate containing the bulk of the pPlutonium formed
at the. interface,

—

rhase is increased on%g by & factor of 6 by the presence of 1 per cent
butyl acid phosphates(27) o . ‘

In the presence of 0.4 M UOQ(NO3)2, Pu(IV) distribution into the organic

The distribution of Pu(IV) is greatly increased in favor of the aque-
Ous piase In the presence of fluosilics &, the dlstribution ratio being
comperable to that found for Pu(III)?eﬁ The effect of fluoride ion on
Pu(IV) distribution is very similar to that of fluosilicate, (9)(36)(81)
In view of the corrosive properties of fluoride: ion, however, neither
- fluosilicates nor fluorides are contemplated for plent. use.

2.4 Effect of uranium concentration

Plutonium distribution intao the organic phase is depressed in the
prese?ce of uranium due to the higher specificity of the TBP-urenium com-
plex. (77) with en aquecus phase 3 M in HNO,, the Pu(IV) distribution ratio
(org./aq.) decreases by a factor of & as the degroe of uranium saturation
of the organic phese is increased from 35 to 80 per cent (Figure IV-33).

2.5 Effect of nitric acid concentration

The effecct of nitric ecid 1z to salt plutonium into the organic phase
end, as illustrated in Figure IV-33, the effeect is pronounced at low ure~
nium concentrations. With an orgenic phasc 40 per cent saturated with
uranium, the Pu(IV) distribution ratio (org./eq.) increases from 0.7 to
L.5 as the HNO concentration in the agueous phase is increased from 1.5
to 5.0 M. This cffect, however, is greatly suppressed as the uranium con-
¢centration in the solvent nears saturation. The relative salting effect
of nitric acid on Pu(III), Pu(IvV), and Pu(VI) is compared in Tigure IV-32
for Pu distribution in the ebsence of urenium.
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2.6 Effect of tributyl phosphate concentretion

Plutonium distribution into the organic phase increases with increas-
ing TBP concentration, The following data show the effect of TBP concenw.

. tration on Pu(IV) and Pu(VI) distribution{7d

Effect of TBP Concentretion on
Plutonium Extraction

Aqueous Phase: 1.85 M HNO,, Pu tracer.
Organic Phase: TBP- Gulf BT Mixtures,

Temperature: 20°C,
TBP Concentration,  Pu Distribution Coefficient (EQ)
Volume Per Cent Pu(IV) Pu{VT)
2.1 0. 04 0.0k
5.1 0.31 0.21
10.3 1.k5 0.58
15.L 1.90 0.95

3. Fission Products

3.1 Introduction

Successful operation of the TBP process is dependent upon the sep~
aration of uranium from fission products and plutonium. The following
date show the effects of operating variables on fission-preduct distri-
bution. (See Cl and C2, above, for uranium and plutonium distributiocn
data.) Fission-product distribution ratios were determined as the ratios
of the co./min./ml. of the equilibrated phases. However, to make them
cam§f2§3}e to uranium and plutonium distribution deta, they are expressed

s 8.
&-

' . 9rganic phase . -
& > agueous Thase and will henceforth be designated by the symbol

ESQ. Tt is to be understood that actual fission-product concentrations
have not been determined-as g./l.

3.2 Typical fission-product distribution ratios

Representative distribution ratios for gross beta radicactivity and
the individual fission products ruthenium, cerium, zirconium, and nio-
bium at the feed point end second scrub stage under conditions approx-

imating thos? i? the RA Column (Pohi and SO,™ absent) are shown in the
table below: (77

Distribution Ratio, EZ

Radicactivity At Feed Point At Second Scrub Stage
Gross Beta 0.0017 0.11
Ru 0.0045 0.22
Ce 0.,00035 0.0058
Zr 0.0064 0.022
Wb 0.00035 - - -
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o Feed - 7015 M-UO@(NO3)2, 3 yQHNO§ | |
~ Extractant - ' 15 volume per cent TBP in Varsol, 0.15 M HNOs
_ Serub - 3 ¥ Mo, |

'iVol. retio - Feed: Extractent: Scfﬁb = 3:10:2

3.3 Effect‘of'urénium concentration

The fission-product distribution retios are g1Ven_in Figure IV-34
-as- & function of the final urenium concentration in the organic phase.

of ur?gigm saturation of the solvent is increased from 35 to 8@ per

cent. The zame effect may be geen in Figure IV-35, where gross beta
and gamma distribution ratios are shown for an e ractant consisting of
10.7 volume per cent TBP in methylcyqlohexane.(9 "~ As discussed under
3,h, below, the distribution ratios are lower by a factor of 5 to 10

in the latter cage due to the lower concentration of TBP,

Ruthenium distribution end, to a lesser cxtent, zirconium distribu-
tion are highly dependent upon the degree of uranium seturetion of the
solvent as shown in Figure IV-3h. Thus, from the standpoint of effective
decontamination in the extraction section of the RA Column, it ig de-
sirable to maintein the degre~ of saturation of the solvent with respect
to uranium et 50 per cent or gleater at the feed point, TBP-EW No, L and
5 Flowsheets operate with 51 per cent urenium saturation of the solvent
et the feed point and about 8 per cent uranium reflux in the scrub section,

3.4 Efféct of nitric acid concentration

The distribution ratiocs of gross beta and gamme radiocactivities into
the orgenic phase Trom en agueous phese containing only uranyl nitrate
and nitric acid, as shown in Figures IV-35 end IV-36, increase by factors
of 5 and 21, respectively, with an increase in ??g‘HNU concentration of
the aquecus phase from 1.0 to 5.0 M. Ruthenium(/2) ang cerium(72) dqis-
tribution ratios show only a small increase with increasing nitric acid
toncentration, whereas the zirconiu;? . distribution ratio, Eg, increases
from 0.08 to 0.72 aver the range of 0,0 to 5,0 M HN03 when extracted from
aqueous solutions by means of 15 volume per cent TRP, Concentrations of
nitric acid in the feed as low as 1.0 M, to take advantage of the high
D. F. obtainable, are not Permissible due %o +he possibility of uranyl,
Phosphate Precipitation in feed solutions containing relatively high conw
centrations of uroanyl ion (sce Section B}. Moreover, in the Presence of
Process concentrations of sulfate end phosphete ion (approximately 0.26
M in TBP-EW No.h Flowsheet ) dgquccus~-soluble uranium complczes are formed
which make high concentrations (up to 5 M} of nitric meid desirnble in the
fquecus phase in order to maintain the urenium distribution‘ratio, Eg, at

& value consistent with allowable urenium waste losses. The upper limit +o

the agueous nitric acig concentration in the feed occurs in the range of h
to TM dependingJupon the sodium ion Canontration, since acid -
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concentrations apprecjably greater than this result in the precipitation
of godium nitrate and the reduction of the mm.nwn distribution ratio

(see Section B), The TBP-HW No. 4 Flowsheet'*3) specifies 2,0 M HNO; in
the scrub. This, when mixed with feed in the flowsheet ratio, resulfs in
an squeous phase at the feed point epproximately 2.5 M in free HNO,. This
congentration is a compromise which takes into account (a) flasion=product
decontamination, (b) ureanium weste losses, (¢) columm operability, (d)
nitric acid consumption, and (e) finml agueous waste volumes,

3.5. Effect of TBP concentration

The distribution of fission products: into the orgenic phase decreases
as. the concentration of TBP in the diluent decreases at constant urenium °
saturation of the solvent.(9) This effect is illustrated in Figure IV-36.
Despite the lower fissioneproduct distribution ratio, E), with a solvent
containing 5.4 per cent TBP es shown in Figure IV~36, TBP-EW No. 4 Flow-
sheet 1*3)7 specifies 12.5 volume per cent TBP as the extractant, chiefly
in order to make possible s sa.tisfactorily’ low RAX flow rate, which leads
to better column operation and higher processing capecity.

. 3.6 Effect of diluent

The available data indioete thet the choice of diluent, with the ex-
ception noted below, will heve no significant effect on fission-product
decontamination. This conclusion follows from the lack of correlastion . be-
tween the physical icel properties of the diluent and the observed
@econtamimtion..?ws.?%ﬁ?g% For instance, no detrimental effect on de-
contamination is noted in the use of TBP-CCly mixtures containing ali-
phatic unseturates, cyclic unseturates, and laromtics.(55 However, ni-

. tration products of diluents high in aromatic and olefin content are re-
ported to have a deleterious effect on fission-product distribution, de-
creasing the decontemination factor of gamma radiocectivity by & factor of
15 and beta redicactivity by a factor of about 2 on the basis of one ex-
traction and 3 scrub stages.(5T) Nitration products that mey be formed .
in the orgenic stream upon continued use of golvent are removed by scrub-
bing with caustic end/or carbonate solution followed by washing with
water, (see Chapter XI). '

3.7 Effect of dibutyl phosphate

Small concentrations of DBP cause an "irreversible" extraction of
‘some fission products, principelly zirconium. Extrections from Hanford
dissolver solution with 12.5 volume per cent TBP imn CCly, to which 0.0,
0.0%, 0.1, end 1.0 volume per cent DBP were added, gave over-all gamma-’
emitting fission-product distribution retios, Ef, of 1.7 x 10~7, 0,011,

. 0,070, and 0.41, respectively. Beta-emitting fission-product distribu-

tion retios, EJ, were 8.4 x 10-%, 2.5 x 10-3, 0.01h, and 0.033, for the
same runs.(30) Cerium and ruthenium arc unaffected by these concentre-
tions of DBP; over-all decontamination factors of about 107 besed on one
"extraction and 3 scrub stages, h&ve been obtained for each &t both zZero
and one per cent DBPF. Ammonium fluosilicate tends to nullify the dele-
‘terlous effect of DBP on fission-product decontemination, (57 but, due
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to the corrosion problems attending the use of fluosilicate, the removal
of DBP in the RO Column is relicd upon to circumvent the problem.

L g P . g

3.8 Effect of complexing agents

A comparison of the effects of vaerious aqueous-soluble complexing
agents on fission-product decontaminstion is illustrated in Table IV-8,
The distribution of zirconium into the orgenic phase upon extraction is
decreased about one hundred-fo}d by 0.1 M PO4® ten-fold by 0,01 M SiTg%
and six-fold by C.1 M Sou=.(53 Little effect on ruthenium distribution
is noted. However, after 3 scrub steges the over-all decontamination
factors appear to be only slightly improved by the camplexing agents., 9)
Oxalate ion is ag effective as fluosilicate for zirconium decontaminatio&.

b, HWitric Acia '

—— 4.1 Introduction

P Nitric acid transfer occurs in a menner analogous to that of uranium,
= However, the TBP-HNO3 complex 1s less steble than the TBP-UG, (N03), complex,
ot end as & consequence, uranium hes a back-salting effect on nitris scid

by which may be interpreted as o competition between uranyl nitrate and

Ly nitric acid molecules for the TRP. The following data 1llustratc the de-

Pendency of HNO3 distribution on the process variables,

L.2 Effect of wranium concentration

Nitric acid transfer into the organic phase decreases witi an in-
crease in uranium concentration (Figures IV-37 and IV-38). A 3J«fold de-
crease in the nitric acid distribution retio (org. /ag.) is noted as the
uranium concentration is increased from Q.02 to O.% M. The effect is
similer under both RA and RC Column conditions, (24)(35)

L.3 Effect of nitric acid concantration

o Inspection of Figure IV-37 shows that the HNO distribution rdtio,
Ep, decrcases with increasing nitric acig concentration (at least up to

L M) under RA Column conditions, This effoct is similar to the saturation
effect noted for uranium (Figure IV-20B). The HNO; distribution retio is
independent of nitric acid concentration under RC Column éonditions
(Figure IV-38),

L.L Effect of tributyl phosphete concentration

A lineer relationship is found between HNO3 dist?ib?tion retlos and
TBP concentrations between 10 and 15 volume percent,'35) Tpe following
data, which were obtained under RA Column conditions, show a 1.5-f01d
incrense in the HNO3 distribution ratio (org./ag,) over the 10 o 15
volume per cent TBP concentration range. :
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Effect of TBP Concentration on ENO, Diatribution

RA Column System, Aqﬁeous Phase Composition:

UNH 0.01 M; PO,S 0.22 M; SO, 0.22 M; NO;~ 5.7 M; Net 3.4 M.

Volume Per Cent TBP EE93_;§2_
10 ‘ * 0.10
2.5 : 0.13
15 0.15

5. Cthers

5.1 Phosphate and sulfate

The distribution of phosphate, as measurcd by the transfer from escid-
ified urenium waste (5 M in HNO3) into & 20 volume per cent TBP solution
in €C1,, f&yors the aqueous phaSe by & factor of about 1500 (i.e., ES =
1/15007. (2 Analyses of uranium product solutions rcgovered by the TBP

pProcess have shown no phosphete or sulfate prescnt.(73
5.2 Chloride

Based on laboratory studies of e solution conteining 1 g./l. of
chloride ion, the distribution ratios (org./aq.) for chloride, dotermined
et points corresponding to the dilute extraction region and feed point of
the RA Column Enger TBP-EW No. 3 Flowshect conditions, are 0.04 and 0.1,
respectively.( g Approximetely L4 per cent of the chloride in the feed
enters the scrub section vie the solvent. The distribution ratio in the
scrub section is on the order of 0.03, giving a calculated concentration
of about 0.002 g./1. of chloride in the uranium product stream, on the
basis of one scrub stage. Comparsble data have been derive? ffom simple
and compound column studiecs conducted at the Henford Works, 83

5.3 Metallic ions

The distribution ratio (org./aq.) of iron, as determined by contacts
of plutonium-beering slog and crucible solutions with 15 volume per cent
TBP in hecxene, is on the order of 0.005. By the same procedure, the dis-
tribut%on ratios of Al, Ca, and Mg were found to bc on the order of
0.0003 15) The distribution ratios (org./aq.) of Wi(II) and Cr(III),
determined by equilibrations of pure TBP with an aqueous pﬂase conteining
1.6 M ENO3 end 50g./l. of the metel nitrate, are sbout 10-'. Under the
samg fgn?itions,the distribution ratios of Fe(III) and Cu(II) are about
1077, =0
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Table IVl

PHYSICAL PROPERTIES OF TRIBUTYL PHOSPHATE

Source of Data:
Nomenclature

Formila

Molecular Weight
Density, 25°C,

25

Refractive Index, n D

n 20
D
Melting Peint

Boiling Point

Fiash Point

Viscosity, 25°C,

Latent Heat of Vaporization
Solubility in Water
Solubility of Water in TBP
Surface Tension, 25°C,

Vapor Pressure, 100°9¢*

HW-15079, HW=-15172, HW-17822

Tributyl phosphate, n-butyl rhosphate,
TBP

(n~Ciig)3 PO,

266,32

0,9730 g./cu, cm,

1,42256

14245

-80%,

289°C, at 760 mm, pressure
1779C, at 27 mm, pressure
121°C, at 1 rm, pressure
295°F, (Tag closed cup)
3.32 centipoises

111,680 calories per mole

0.39 grams per liter at 25°C,

€l grams per liter a% 25°C,

25 dynes per centimeter

0.25 mm, Hg

*) See Figure IV~3 for the variation of vapor pressure

with temperature,
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Table V=2
PHYSICAL PROPERTIRG OF DILUENTS

Source

of Data:

Hw=19005

FRELIEL

Density Refractive Viscosity Boiling Range Flash Point Aromatic
at 259, , Index at 259C,, and Mid-point, Tag Closed Content, Iodine
Diluent G./Cu.Cm, n_§5 Millipoises °c, Cup, °F, % Humber
Union Insecticide Base 0,8037 1,LhkL 16,1 175-269, (229) 133 0.9 1,13
Standard 0il Special 0.7918 1.4382 1h.5 179=253,(217) L5 0.2 0,11
Grade "3" :
Standard Base 0il "C"  0,7933 1.L386 14,9 181.263, (220) 13 1. 0,07
Deobase (Sonneborn 0,780L 1,h3hL 17.3 198~269, (225) 162 1.0 0.02
Co, ’ N.X.C. ) :
Deodorized Spray Base 0,8038 1.L4h35 19,0 193-260,(232) 150 1.0 0.4L2
(Shell Chemical Co,) . .
AMSCO 14,9-$2 Br 0,77h1 1,h339 11,7 172-242, (200) 119 7.0 1,22
AKISCO 125490 W 0,7570 1,h226 1,1 186159, (190) 133 1,0 0,49
Super Sol 0.7543 1,217 9.6 162.198, (185) 127 1.9 0.04
(Penn, Ref, Co,)
Gulf B,T, 0,7506 14271 8.9 1654198, (177) 111 9.1 1.07
Stoddard Solvent 0,7765 1.L4295 W2 1601 158 102 1.8 0.4L8
(Shell Chem. Co.) 7 73,(266) .
Cclh 1 . Sal—lh l . ,—L603 2000 - 9 . 1,4 ?7 — s —
n<Cy ooy 0,726 — 11,0 196 115 - -~
n-Cq oHog 0.7L6 - 1,0 216 165 — _—

03445817030

¢=AT BT4qe]L
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-l DECLASS’H . Hi-19140
Table IVa3 - s
PEYSICAL PROPERTIES #
U0p (N03)» = H,O SYSTEM
Source of Data: CL-597 and FW-195932
Concentration of UQ,(NO3}, Seturation Boiling .

Temperature, Point, Density, 25°C%, 25 oH,
M*  Weight Per Cent °c. °c. G./cu. Cm. D s5%C,
0.0 0 0 100.0 0.997 1.333¢ 7.0
0.132 5 - 0.5 100.2 1.040 1.3372 2.5
0.276 1C - 1,0 100,k 1.086 1.3420 2.3
0.433 15 - 2,0 100.8 1.137 1.347% 2.0
0.60k 20 - 3.0 100,9 1,191 1.3532 1.9
0,794 25 - 5.0 101.3 1.252 1.3597 1.7
1.00k 30 - 7.5 101.7 1.319 1.38656 1.5
1.237 35 - 10.5 102.3 1.393 13745 1.2
1,499 Lo - 14,5 103.1 1477 1.383¢ 0.9
1.680 43 (eutectic) - 18.1 103.8 1.540 1.388% 0.7
1.79k 45 - 13.5 10L.2 1.571 1.3924 e
2,120 50 + 1.5 105,54 1.671 1.h025 —
2,491 55 20,0 106.8 1.785 1.5138
2.91 % 50 35,0 110,3 1.91 * o —
"3.38 65 46.5 113.8 2.05 - -
3.89 70 54,0 118.2 2.19 — —
4. 45 75 58.5 120.0 2.34 —~— —
k.90 78.5 60,0 —_— 2.46 — -
5,10 8o 70.0Q — 2,51 — —
5.39 8z 87.0 —— 2.59 — —
5.69 8k 100.0 10,0 2.67 — —
€.02 86 110.0 — 2,76 — —
£.39 88 118.0 170,90 2.86 —— —
6.76 90 160.0 — 2.96 - —
_— o2 167.0 178.0 _ _ o
- ol 172.0 150.0 (with decomposition) - —-—

*)Above 56% (saturation), density and molarity are given at the

saturation temperature.

DECLASSIFIED
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Table IV-l

PHYSICAL PROPERTIES

U0p(NO3)p = HNO3 - Hy0 SYSTEM*

Source of Data: Hii~18L06

Solution Composition, Viscosity,** Boiling Saturation
Weight Per Cent Density, G./Cu, Cm, at Centipoises Point, Temperature,
U0,(N03)p Free HiOg Saturation Tempsrature 100 RPM 20 RPM %, e
50,7 14,97 - - - 118 42,5
61,9 — ~— -— — 120 L8,1
64,1 8.18 — —-— — — 50.5
69.L 5.19 2,25 25 18 120 53.8 E
73.3 5.69 2,19 -— —— 120 59.9
19.9 2,31 2,50 — - — 93,5
80,9 - 2,55 L2 30 130 95,0
85.0 0.1L8 2,92 -~ - 1ho 106,0 %
86.5 =0.10 3.1 45 33 145 106,0 m_ _
86,5 0436 2.8k - - 150 106.0 8
86.7 0.23 2,92 - - 150 110,2
88,9 -0,58 3,17 — - 160 130

*) These data were obtained from a study of RCU concentration,
#*) Determined with a Brookfield Model RVF Viscometer, No. 1 spindle,

OTT6T=NH

=AT oTq®l
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Table IVa5

SATURATION TEMPERATURE AND DZNSITY

RAF SYSTEM

HW=17226

-~ Source of Data:

Saturation

Composition, M

Density,
259,

Temperature,
°c

3"

Na¥ Titratable NO
Acid*

vop** poi® sop”

1,3332
1.3k57
13077
1,3913
1.h065

wnown
« o &
O N~

378)40/
SSL/O/D

83338
12111

S o
o\ L

0
LREELE
- L] L] L] -
COO0O0Oo
1w NN o
332%3
00000

Mmooy o
oLy oy oy

vy &« & %
OO OO0

AN NN Y
nmn/_nua)
O
i s ] S i
L L ] » » L]
A A A
mn o
- [ ]
NI
[sUPE WY o0

g arn
~ e

29?53
21236

81906
.l...»....DIu.hn/.

@ LN Oy

COOAO
NIV R R N
o oy oY oYy
* & & + ®
o000

14347
1,3961
1,3973
1,3776
1,3776
1.4238
1.3729
1,L032
14251
14731

8
=3.0
20
17
34

/08 Q/
6? /D_
ADn/._I”wn(_S

o g oF

C=v0 wy O O
b 4

® * 9
I e ALALA

P U0 DN
/1%2222

codoao

1.3996
1.3269

3.5
Lol

L.01

0.23 0,23 2,7

0.29 0,31

0,26
0,2

#) See Section & of Chapter III for discussion of methods

of expressing acid concentration,

DECLASSIFIED
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Table IV
COMPOSITION OF RA COLUHN AQUEQUS WASTE

Source of Data: HW-18169, HW~13232, and
Fun Books 3,00-29-RAU, 3,00=30«RAU,

3+00m122.EAU, and 3,00~123-RAU

Run No,

Constituent TBP-HW NoJl TBP-HW No,5 30(6) 123(c)  25(d) 155(d)

UNH o,7(®) 0435 0.l Q.03 3.25  L,75
P, ® 17,0 12,8 20,64 31,8 29.6 30,7
S0)," 20.5 15,5 5.27 16,7 26,19 29,5
oy~ a0 209.0 38,3 305.0 365.8 356.L
Na' 6haly 4.8 haS 6k 754 70,0
¥ 2,60 1496 — — — -—

(a) All concentrations given in grams per liter,

(b) NO3” represents total nitrate less that contained in the
indicated UNH concentration,

(c) These data are from runs in which the feed was simulated
8ludge slurried in water,

(d) These data are from runs in which the feed was simulated
evaporated supernate, For summaries of these runs see

Hi~19170, (56)

L

DECLASSIFIEQ L
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Table Va7

PROPERTIES OF CONCENTRATED NEUTRALIZED Rayr®

FLOWSHEET TBP-IM No, I AND &

Source of Data: HW-18L0l,, Hw~21273,
See Figure IV-19

Volume Per Cent

03141881030

Meutr, leutr, Stored Saturation Specific Heat
=l HY-5 Uranium Temperature, Density, pH Viscosity,™  Cal./(G.)(°C.)
R R Waste O G, /e, 2508, Centipoises 259G, 390G,
—— 100 204 h 1.211(25°¢,) 11,8 — - -
100 7C 159 1, 1.250(25%,) 11.8 — - -
20 52 127 18 1.-3)5? 22500 o) 11,7 -— — -— g
3 L9 100 26 1.3kh(300¢,) 11.2 20 0,76 0.7k <D
57 Lh 90 29 1.365(k0%,) 12,5 -— - - E
50 39 79 3h u— 12,6 30 — — 8,3
b7 237 7.5 3% 1ho3(k2oc.) 12,2 — — ==
s % on 3 1105(J0%.) 122 3 0.57 0.1 Pt
., Lk, 3h.7 70,7 60 1.L70(65%,) 11.6 - <]
: Ll 34 70 80 1.500(81°C.) 11,5 - -— - -

*) The solutions were prepared to represent the approximate compositions corresponding to
concentration of flowsheet RAV wastes except for the omission of iron and uranium,
which are insoluble, The compositions did not include any contribution from the ROW
stream. Mole per cents on a water-free basis were: Nay50), L.70; NayPQ), 3.67; NaNO4,91.63.

*%) Viscosity measured with a Brookfield Model RVF Viscometer using Spindle No, 1 at 100 RPM,

L=AT oTqel
ONT6T-MH
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Table IV-8

EFFECT OF COMPLEXING AGEWTS ON DECONTAMINATTION

Feed: 0.2 M UNH, 3 M HNO,, indicated complexing agent
Extractant: 12.5 volume per cent TBP in CClu
Scrub: iM HN03, indicated complexing agent

Feed/scrub/extractant volume ratio = 3/2/10

Source pf Data: HW-18880
Over-sll

Radio- Distribution Retio, E. Decontamination
Complexing Agent ectivity Extraction 1st Scrub 2nd Scrub  3rd Scrub Factor
None ross Beta 8.4 x 10'% 7.0 x 1073 4.3 x 10"3 9.2 x 10'5 3.2 x 102
n zZr 2,0x 1077 L1x 1072 1.hx2075 5.6 x107° 2.3 x 107
" Ru 2.8 x 107 1.9 x 107 8.6 x 10~ 0.43 2.0 x 10/
"h' I's -3 £ 5
0.1MH Poh Gross Beta 3.3 x 10 2.8 x 10 3 0.16 0.2 3.0 x 107 .
n Zr 3.0 x 10‘2 7.8 x 1072 0.31 0.09 3.7 x 102 -
. Ru 3.8 x 1077 1.6 x 107° 4.1 x 1072 0.37 1.6 z 10
0.1 M 11280,+ Gross Beta 7.1 x 10:h hox 10'3 T.2 % 10"% 0.29 2,2 x 1072 m
" Zr 5.3 x 107, 1,6 x 1075 2.7 x 107° 0,12 2.9 x 1072 B
n Ru £.0x 107" 4,0x 1073 0.12 0.07 5.0 x 1077 :
=k
0.01 ¥ (NHh)QSiF6 Gross Beta 2.5 x 10~ 5.0 x 10-3 0.11 0.07 9.1 x 100 "
" r 2.6 X 10_l+ ‘3.2 x 10:23 9'2 x 10"2 0'32 3:3 x 105 4
Ru 3.2x 10 1.3x10% 5. x 107 0,1k 2,9 x 1

g=AT 9TqBL
oOnT6T~MH
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HW-19140
Figure I¥ -1 '
RATE OF HYDROLYSIS OF BUTYL PHOSPHATES »
IN_ 3M NITRIC ACID
EFFECT OF TEMPERATURE
SOURCE OF DATA: HW- 9959
100 e ———————— ey T
***** -0 — — 2
90 -
T~
80 .
70 -
6O ]
sol- .
40 -
~N
~
~
~
~
N4
30+ -
Initlal Compositions:
1. Equai volume mixture of 3 M HNOy ond TBP of 78°0)
201" 2.10¢/1 MBP in 3 M HNO, at 25° C. Ny
3.10g/1. D BP In 3IM HNO ot 25°C.
2o/ D BRI 3M M3 TEE \
\
Manual daily shaking.
anud y ng. \
\
\
\
\
\
\5
[+ . 1 L l 1 i 1 —
0 ] 10 5 20 25 30 1]

Reaction Time,Days

DECLASSIFIEQ .



Point , °C.

Boiling

275
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Figure I - 2
BUILING RANGES OF DILUENTS

ASTM DISTILLATION
SOURCE OF DATA: HW19065

. Shell Deodorized Spray Bose

2. De.base

3 AMSCO 125-30w

Irs

30 40 80 40 70

Per Cent Distilled

oo

‘% -AT b

Ovl6|-mu
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Figure U -3
VAPOR PRESSURE OF TBP AND DEOBASE

EFFECT OF TEMPERATURE
SOURCE OF DATA: HW-15172

HW-19i40

1000 T T T T T T T 1

LB

000

T TTTII0

T

]
o

Lidtsd

Vapor Pressure, Mm, Hg

o

Ll

1

Lawiul

1L L L 1 1 1 L [ 1 1 1 [ 1 1 ] 1
O 350 60 70 80 90 100 N0 20130 14Q I60 180 200200 240 260 280
Temperature, “C. }
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Figure IV- 4

DENSITY AND REFRAGCTIVE INDEX OF THE SYSTEM TBP-DILUENT

EFFECT OF TBP GCONCENTRATION

SOURCE OF DATA: HW-19065; F. Clagett, Unpublished Data, March 1950

i I 1 1 1 T I I T

1.445

11440

1435

s
~
(&}
Jd
-]
in
ol
©
>
a
Q
0
LEGEND
o821 ® Experimentcl volues
£ Colculotec from equation (1)
08+ under B 3.12 tn text.
080' 1 1 i 1 1 1 1 1
0] 5 0] i5 20 25 30 35 40

Volume Per Cent TBP in Shell Deodorized Spraoy Bose

5I43O

Sa

Refractive Index, "

Y

5

w - Q34987930

t-A] B4 -
1101 -
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Viscosity, Centipoises

25

20

1.5

1.0F

0.5

513340161

Fiqure IV-5

VISCOSITY_OF RA COLUMN EXTRACTANT AND FEED

EFFECT OF TEMPERATURE

SOURCE OF DATA: RF.Maness, Unpublished Data, July 1950

RAF : Per Flowsheet TBP-HW No.4.

RAX: 12.5 Volume per cent TBP in Shelt Deodorized Sproy Base

.

WH[S‘SV‘[;HO

e

4
30

1
a6 50
Temperature, °C.

60

]
100

G- by
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Figure IV -6

FLASH POINT OF TBP-DILUENT SOLUTIONS

EFFECT OF CONCENTRATION

SQURCE OF DATA : HW I90€5; F. Clagett,Unpublished Data,March 950

LEGEND:

O Experimental volues,

for diluent,

R N N R I D TR T T B

@ Calculated from equation{3) under B 3.2
in text. Moleculgr weight of 180 assumed

160
= L
-
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150 | |
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Figqure I¥- 7

DENSITY -WEIGHT PERCENT -MCULARITY CONVERSICN

Concentration of UO,(NOg), Moles /L iter

TBP-DEOBASE -URANYL NITRATE SYSTEM

SOURCE OF DATA:HW-[7295,HW-17838

Weight Per Cent
6 8

0.15f

F i SRR O RS SOV

y ARV 4 p_h_‘_-___r.,“-.,.....,-.A.......__

B et

0.05

1 _'12.5 Nolume Per Cent: 'IBP in neobase
7 1

e et s e &

- Ch—

r - e e~ P,
[ S -4 .
S SO PR PO PR -
— S S RGPS S -
- e e o an e ——h — R
- el SR EI

08 0.82 0.83 084 065 086 587
Density at 25°C., G./MI,

S T
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o 1

3

Density, G./MI.

Bl’fl-‘“‘r £ T HW-19i40
Figure [V -8 b EVMWWER
DENSITY OF RA COLUMN FEED AND EXTRACTANT
TBP-HW No. 4 FLOWSHEET

EFFECT OF TEMPERATURE
SOURCE OF DATA: RF Maness, Unpublished Data, July 1950

|
1.38F '
1.37F
RAF
.36
!
135¢
134}
> (.)
ﬁ RAF . Per Flowsheet TEBFP hw N. 4 B
082r RAX : 125 Volume per cent TBP in Shell
Deodorized Sprqy Baose. ‘
08+
|
080r
Q79
078 ) ! ! L i L 1
10 20 30 40 50 60 70 80 90

Temperature, °C
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DECLAS‘S’HR HW-19140

\iSCOSITY OF THE SYSTEM T3P -DILUENT-URANYL NITRATE

Figure IZ7-9

EFFECT OF URANIU'A CONCENTRATION

SQURCE OF D~TA:HW-I19065

50

40

Viscosity, Millipolses

20

I 46 Volume per cent TBP in Deobase.
2. 23 Volume per cent TBFin Deobase.
3. 15 Volume per cent TBFin Deobase.
4 15 Volyme per cent TBPin AMSCO 125-90 W

i 1 1 Lt
Q.2 03 C.4 0.5 101)
Concentration of Lua(NO3lp, Moles/Liter
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Temperature , °C.
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Figure I¥-10

SATURATION TEMPERATURES UQz(Nos)z_ HNO,- H,0 SYSTEM

SOURCE OF DATA: HW-8309

45 - .
‘0 ol VA /i )
s 71/ /}/ |
2 B
25 / //
20 __r'{
s ’ /1/4
) / g
z /5 /7% 20-0M HNO4 (CL-GST)
O.0M HNO, (Observed
_'5-—E a&-.:ﬁl,. / /// ao.aguﬂo: ‘e
T O1.0MHNO,
-10 o I/ Q-3.0MHNO; '
-15
_20—\*{»\\ 7
25 \\Wﬁ
10 20 30 40 50 60 70 80 90 100

Concentration of U02 (N03)2-6H20, Waight Per Cent

@L58y103d
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v HW-19140

Figure I ~ |}

BOILING POINT AND DENSITY

U0, (NOy), ~HNO3 —H,0 SYSTEM

SOURCE OF DATA: CL- 697, Chapter1L

T 100 ~— T T
80 E DE!NSITY,Q/“[. ..... 2‘“ ol amp f_QfLL’Q:
w sl ] L o :\.\
I NN N PN
L NS ‘ > PN
- ‘@-H._ T8 T \
I \ h S, . Lt ]
© ORN '%%Q 1= %%z 76 20
= . \ Q) 4
L ‘ 3 el axiO ™ g /Ml.
3 BN \K « 1+ IVALUES OF DENSITY ARE GIVEN
o 50PN : : —i--— AT 100°C. TOFIND DENSITIES
0 & N | - |AT OTHER TEMPERATURES USE
Q ‘ N\ 1 ——| THE EQUATION :
2 Allink
N AN AR ALY Y. } _
8 40 Q N 3 "& dy=d,5 +(100-t)x
I.L H > - ‘ ) : . .
SN AR AR RN
30 SV
: PTN
o A Pedh
AN
E B *
TH] ‘ \\
S 10/
s .
© S -5
"
0 |
O IC

CONCENTRATION OF HNOB, WEIGHT PERCENT
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Viscosity, Centipoises
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Fiqure IV-{2
VISCOSITY OF RA COLUMN FEED

EFFECT OF TEMPERATURE AND FLOWSHEET
SOURCE OF DATA:HW-18367 R.FManess, Unpublished Data, July 1950

— ,
200 Soiution Compositions: ]
) | RAF, TBP-HW No.3 Flowsheet.
2RAF, TBP- HW No.4 Flowsheet.
3 Dissclved Slurry, TBP-HW No.3 Flowsheet.
4 Water
1.60
.20
080
040
0.00 I r | | | | I |

10 20 30 40 50 60 70 80 90
Temperature ,°C.

100
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DECLASS
L Figure IZ-13 D HrISiEe

HYDROGEN ION CONCENTRATIO&
UO2(NO3)2~ HNO3-H20 SYSTEM
SOURCE OF DATA: HW-14559

\ LEGEND -

O.1'M UO2(NO3), -
05 M s

201 N\

>xpB o

pH at 25°C.

-10 | b 1 1 t I : | |
-0z -0l 0 Ol 02 03 04 05 06

Concentration of HNO5 , Moles / Liter
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Figure T,

DEQ;ASSIFIED HW=19140

SATURATION COMPOSITION OF RA GOLUMN FEED

EFFECT OF AGID, SODIUM, AND URANIUM

SOURCE OF DATA: HW=17226 and HW-18407

CONCENTRATIONS

0.9 Cee | S T Nomno! Tempercture 25"0 -—1 -109
08 _,,____L# 9 ' 9 Tufra able ocid mcfudés tre HNDl'pus, 08
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07 . ) _._Ade SO hl’_ L“Hﬁ Ao O7
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; - ‘ ]
06 N NG Mol fatio- bma-— 4406
N N N\ | w30 |
5 S N SN N I O B
5 0° TN ; @ vzom 0,
P a N @ s
5 | SAN ; N e
204 S [L i ! @ gy (04
- oo ! ! Uraniur phoéphafé ond
ag," ?r:lsult:]c;nss&!laeffg?f ' ; : Sulfate molarities ubouf
Z 03 ©less fhan tzm% NG """"““’“ quc“[-*“ T lf -103
>N - f'// }' i E S l
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E 2 3 4 5 € 7 8 910
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Saturation Temperature , °C.

Per Cent Removal of HNQO3

Figure [-154

SATURATION TEMPERATURES
EFFECT OF CONCENTRATION OF RCU AND AGIDIFIED SLURRY

SOURCE OF DATA:HW-I5172

loo 1 ] T 1 L i T I I
B Initial Compositions :
- Acidified Slurry - 1000 m).
- UO,(NO3)p 0.193 M
75 Naz S04 0.193 M
Nas POy CQITS M
NaNO3 1.95 M
HNO3 20 M

RCU-975 mi. (Saturated with
I5 volume per cent TBP i

(4]
o

IIIIIIIIIIIII'I

Deobase).
UO,(NO3); 0.26 M
HNO5 03 M

25 .
Acidified Slurry

llllllllllllillllllll

"0}- L ] 1 ! 1 1 1 0]
10C0 900 800 700 600 500 400 300 200 100
Volume of Residual Solution, MI.

o

Figure Ii/-158
NITRIC ACID REMOVAL BY SOLUTION CONCENTRATION
UO2(NO3)z - HNO3- H,0 SYSTEM

SOURCE OF DATA:HW-I5172

8

LI ¥ ¥ ¥ L] ¥ r

Solution Composition :

UC,(NO3), 026 M
HNO3 03 M
Volume 975 ml.
{Saturoted with I5 volume
per cent TBP in Deobase)

3 a
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N
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Saturation Temperature, °C.

-25
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Figure ]I—-.le
SATURATION TEMPERATURES
JG,(NO,),~HNO,- NaNO,~H,0 SYSTEM
SOURCE OF DATA: M.H.Gurtis, Unpublished Data, July 1950

25—
- 3.0M HNO,
All solutions are 4 M in NaNO_,‘
- Solid Phase in E quilibrium:
O and IM HNOs- ice
- 2 to5M HNO,- NaNO,
oft— 2.0 M HNO,

L

l , S

{

i ]ALI

1
o} 0.2 03 04
Concentrotion of UOZ(N03)2 ,» Moles/Liter
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Specific Heat, Calories /(Gram Solution ){°C)
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Figure IN-17

SPECIFIC HEATS OF AQUEOUS PROCESS SOLUTIONS

SOURCE OF DATA: Unpublished Data, CM. Slansky, October 1948; I.CT

Concentration of HNOj, Moles /Liter
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Figure IV-18

AQUEOUS URANIUM MOLARITY -WEIGHT PER CENT CONVERSION

SOURGCE OF DATA : HW- 1i276; CL-697, Chapter TL
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Weight Per Cent
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Figure IN-19
SATURATION TEMPERATURES AND GOMPOSITIONS
TBP-HW No4 AND 5 NEUTRALIZED RAW

EFFECT OF DEGREE OF CONGCENTRATION
SOURCE OF DATA: HW-18404

Compositions For TBP-HW No0.4 Flowsheet

Volume Per Cent Saturation Na,S0,,Na,PO, NaNO,,
Neutralized RAW Temperature™C. G./L G./L G./L

100 14 3097 2594 3324
80 18 3871 3243 4155 o
. 63 26 4915 4117 5276 E
= 47 36 6589 5519 707.2 S
x 45 39 6882 5764 7386 >
44 80 7050 5895 755.4 o
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90— — 180 §
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ECLSSFED



o

hitl

52123

G/L. Qrganic
' G/L. Aqueous

Uranium Distribution Ratio

o

G/L. Organic
* G/L. Aqueous

Uranium Distribution Ratio

DECLASSIFIED

Figure TV -20A
URANIUM DISTRIBUTION
RA COLUMN SYSTEM

EFFECT OF URANIUM CONCENTRATION
SOURCE OF DATA: HW-19696

HW-19140

N WA N o W
]

Q

Numardls beside the points rapresant the HNOx
cancentration in the aqueous phase in ¢ /1.

Dato from batch countercurrent run approximating TBP

HW- No. 4 Flowsheat.

Feed: 0.287 M UO,1NC,), , O.3IM PO3, 029 M 504,
6.24 M NO3, 2.T5 M H*, 442 M No*

Serub: 2.75 M HNOy

RAX : IS Volume per cent TBP in Deobase

Vol. ratio: scrub/ feed/ extroctant =172 /3.5

180.4 T i T

Extroction Section

1816

5]

s}

e I - . e B )

I71.7  Scrub
75.6 Saction
175209775
3 g )

10 10 10 10
Concentration of UOL(NO;), in Aqueous Phase , Males/Liter

Figure I7-20B
URANIUM DISTRIBUTION
RA SCRUB SYSTEM
EFFECT OF DEGREE OF SOLVENT SATURATION
SOURCE OF DATA :ORNL- 260

] I 1 1 i

Organic Phase: 15 Volurme per cent TBP in hexone]]

Aquecus Phase :2.0 to 50 M HNO3

Vol. Ratio: org./aq. » &/1
LEGEND

5M HNO3 in Aqueous Phase ]

-

L

2.
3.
4.

1 1 1

1 1
40 50 &0 70 80 8C 00
Uranwm Saturation of Solvent, Per Cent
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' G/L. Aqueous

Uranium Distribution Ratio
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Figure IZ-2|A W-19140
URANIUM DISTRIBUTION

RA_GCOLUMN SYSTEM
EFFECT OF HNQ, CONCENTRATION
SULFATE AND PHOSPHATE PARAMETERS

SOURCE OF DATA: ORNL- 260

T 1 L 1 1 F T

a o —
Q2 o -
£ 2 - ]
o & i .
O r T
JIS I ]
gis - -
2 Aqueocus Phase: 0.12 M UOg{NO3)g, indi-
;g coted omounts of HNOg,
Nag S04 ond NagPO4.
'_cc_a Crganic Phgse: 15 veluma per cant TBP
< 1.0 in hexona. 3
a <
£ ]
(=) -
5 LEGEND 1
S I. 0.OM NayS0,, 0.0M NoyPO, 7
= 2. 0.2M Nop S0, , 0.0 MNasPO, ]
3. 00M NaySO,, 0. M NagPO,
4. 0.2M Noy SOy, 0.dM NayPO,
0. 1 1 ! L 1 1 ] 1
"o 10 20 30 40 50 0 70 80
Concentration of HNQ3 in Aqueous Phose, Moles/Liter
Figure IZ-21B
URANIUM DISTRIBUTION
RA COLUMN SYSTEM
EFFECT OF HNO 5z _GCONCENTRATION
URANIUM _AND TBP PARAMETERS
SOURCE OF DATA: HW-17339
7.0 T ] T T
6.01- ///
5.0+
4.0 B \(2\)\_—
3.0+ Phase Compositions:
Agqueous M Organic
Curve _ UNH POi SO§ No* VolXTBP Dllusnt
2.0 I 0.006 022 022 3.3 ~ {5  Stoddard Soiven!
2 0O-002 022 022 33 12.5 Deodorized Spray Boae
3 0.2 0.22 0.22 33 12,5 Stoddord Solvent
Lo ___o—o——Lo_ The HNOy molanity refers to the analyzed|
acidity less twice the seifate ond phos-
| | phatas c?nconim!ions. {
% | 2 3 4

Concentration of HNO3 in Aqueous Phase, Moles/Liter
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G/L Organic
' G/L. Aqueous

Uranium Distribution Ratio

100 l I T

o
o]
I

®
o
T

o
o
T

w
o
|

»
o
|

30

Aqueous, M Qrganic
Curve HNO, UNH S03 Na* vol%TBP _  Diluent
20 7 3 dcooeocez 33 s Stoddard Solvent —

Figure V- 22 A
URANIUM DISTRIBUTION
RA COLUMN SYSTEM

EFFECT OF PHOSPHATE CONCENTRATION
SOURCE OF DATA:HW-17339

~
o
I

Phase Compositions.

2 23 ooz 022 313 2.5 Deodorized Spray Base
3 | oz 022 33 2.5 Sroddard Solvent
1.0 \9\3_0\-0_‘
0 [ | | |
0 0.1 0.2 0.3 0.4

Concentration of PO7 in Agqueous Phase, Moles/Liter

G/L. Organic
' G/L.. Aqueous

Uranium Distribution Ratio

Figure[V-22 B
URANIUM DISTRIBUTION
RA COLUMN SYSTEM
EFFECT OF SULFATE CONCENTRATION
SOURCE OF DATA: HW-17339

10.0 T I I I
\O_\ol\_o_
9.0~ ]
8.0 Phose Compositions: —
Aqueous, M Organic
Curve HNOy UNH PO} No* voi%Tgp Dilugnt
7.0~ b3 0.0004 022 3. I5 Sioddord Solvent |
2 2.3 0.02 0.22 3. 12.5 Deodonizad Spray Base
3 { 02 022 3| 12.5 Stoddord Solvent
6.0~ _
50+ -
4.0 —
2
30+ —
2.0F —
1.0 -
L% —O 3 ——
0 i i | |
0 Q. 0.2 0.3 0.4

Concentration of SO% in Aqueous Phase, Moles/Liter
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Figure [¥-23
URANIUM DISTRIBUTION

EFFECT OF TEMPERATURE
SOURCE OF DATATHW-18880

Aqueous Moiarity Orqonic
_LJJTVQ No. 'U_(_.}z(_N_O_3)2 HNOB VO'Ume % TBP
[ ‘ 2.09 042 i5
2 J. 12 RAF {q) 15
3 Q.12 — 28
4 0.13 V.1 15
5 Q.15 —_ 15
] 0.75 —_— s

{a) RAF composition before equilibration: 142 g UNH /1., 126 g HNOy /L.,

27.5 ¢.808/1.,, 28.7 . PO3 /1, 93.7 o.Nat/i, 342.7 g total NO3 /1.

30 T T T T

-4
-

20

o o
@ W0

o o
N

o
1]

0.4

Q.3

0.2

o-l A i i

8] 10 20 30 40 50 &0
Temperature , °C.
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- Figure TL —24 A HW-i3140

RA COLUMN PHASE EQUILIBRIUM
CHART FOR DETERMINATION OF K,

SOURCE OF DATA HW-17747

e ‘;i . . ; ‘ —'“E_MA*'“'—_ _7
Legend | I
Ny | - 10% TBP '
: 2-12.5% TBP
3-15 % TBP

J .

5
|

0 02 04 06 . 08 10 iz 14
(SQs + 3P0O3), Moles /Liter

Direntions for use:

1. Determine Ky f{rom "irure IV=2lA intorpolating for correct TRP conrreniration,

2 Yetermine #, from “ifure IVa2LD i_nf.crrar:latinr for rcorrect 'a '!n aoneent. latlor
Assume the follewins compounds in solution: al 02,y 104{102 10 NE Vo, "~P(‘."., 1~50)
and "lresn" 02, (IS the acidity .8 reported as "h.t:at"tble '101l" the fres”
{02 nay te calculated by subtractin-« “wice the gulfate and twice In_ nhosphate
rolaritics frou the total titratable acid molarity, the third H2P0j, hydrogen
vedng assumed to he undissocigted in the titration,)

3. alculaio /2 rrom FiKo » :1/

N, ge this value of K1/2 ta interpolate the proper wranium phass~ equililrium curve
on Ploure 1V-2%, 26, or 07,

Figure IZ—24 8
RA COLUMN PHASE EQUILIBRUIM

CHART FOR DETERMINATION OF K,
__SOURCE_OF DATA: HW-17747

umerals op curves rafer to
aNO3 col centruhon in

N molos/ liter,

r3

1.5

XNLO R

I
38 |0 : {

5 6 7
Free HNO3 in Aqueous Phase, Moles/Liter
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Figure IV -25

RA COLUMN PHASE EQUILIBRIUM DIAGRAM

[O_VOLUME_PER CENT TBP IN DILUENT
SOURCE OF DATA: HW-[7747

eo

Y, Grams UNH Per Liter of Organic Phase

o

60t

" shell Deodorized Sprcy Base was .
-~ used_gs the diluent in the determination . . . .
: cf the basac do-ta :

50} -

40}

[
S
T

i
i
.I; .
u“e?‘dls on cun}‘es ﬂeﬁ“’fo fhe quohf‘fy -

_ KLNGrLbosed—upon—m squotion. L —. ...

B / ’1 IE'J fKe N%(Aﬂé]_CLBP*-ZUN(Orq)l ———

= k* is defermmed from quure - 24, NO.} :
b Js me nltrofa molumy m the RAW streum

o) 10 20 30 40 50 60 70 g0 90 | [CO

i B S
I [

X, Grams UNH Per Liter of Agueous Phase
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Figure IV-26
RA COLUMN PHASE EQUILIBRIUM DIAGRAM
25 VOLUME PER CENT TBP IN DILUENT
SOURCE OF DATA : HW-17747

90 — '. T T
_J._ﬁ__J,_WL_-.'

40 ~NGmeraTs “oi Feurves ref'er ‘fb “the: quﬂnhty

i I.“ H,.LK"*No,i bjased -upon...the. equutnon
R _.,E° [_n"’no;mq 1]* [ree- 2UN(Org)J
T K tis defermmed from quure N~ 24.

. | | ) NOT. is the nnrafe mo{nrﬂy in the RAW

30| -/

. s'rwm ‘I_ . ;

Y , Grams UNH Per Liter of Organic Phase

W'Shetl Deodorlzed Sprny Base was Lused

Pt o .g5 -the diluent +Hin- the de?errmnahon of
S N 1hebus|cdofu-ﬁ 1

0 10 20 30 40 50 60 70 80 20 100
X ,Groms UNH Per Liter of Aqueous Phase
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Y, Grams UNH Per Liter of Orgonic Phase
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Figure IV-27

HW-19140

RA_COLUMN PHASE EQUILIBRIUM DIAGRAM

5 VOLUME PER CENT TBP IN DILUENT

SOURCE OF DATA: HW- 17747

£ 8 o @ 0
o @] O 8 @] Q

[ )]
O

20

Numerals| on| cur

ves lrefer_to thel_quantity __|
__{K"IN0{) bused upon the- gquation - | -

Sy

2 TP NGi (o]t Tram - 2unitorgal® |
E s cerer{niind:d‘ from iFigpr’é"JﬁF’-‘?’% |

e B S I i NOZLis Jthe |nitriste lority in the RAW __|
/S : : ".smf’m'j R LLP

Ll L el Deadofized Soroy_Pese wab wfed |

Y ARV AN : b ] as the eg;ill.nmt ih the determination of | .
A AL S T T . . .%em&lqu.ﬁh_ SR U A D

Y | : R S A S S S ....._.4_“_. .. 4;._ S : U R

' - . . . . . : f : , : . . : i

If S B '{;_, ' BTN S A B

1 J S T SR N SO T A N R e ol

200 30 40 50 60 70

80

90 100

X, Grams UNH Per Liter of Aqueous Phase
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Figure IV - 28
URANIUM DISTRIBUTION
RC GCOLUMN SYSTEM

EFFECT OF URANIUM CONCENTRATION
' SOURCE OF DATA: HW- 17179

Concentration of UOZ(NO3)2 in Aqueous Phase, Moles/ Liter
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Y, GramsUNH /Liter of Organic Phase

100 ' r T . e — —
e | Figure [Y-29 | ]
o RC_COLUMN PHASE - EQUILIBRIUM DIAGRAM
s 10 VOLUME PERCENT TBP IN DILUENT
s~ SOURCE OF DATA~ RW-T77a7 :
100
8
1L.OL
i
Ql
&

Q.01
8

1o Lot 1y
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Ql

' L 1.t 41 1 1 o i L1111y
2 3 a4 s56€7890 2 3 4 567890 2 3 4 5678900
X, Grams UNH / Liter of Aqueous Phase
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HW-19140
100 S — | .
3?*5 Figure nz 30 :
o RC COLUMN PHASE
T FQUILIBRIUM DIAGRAM
25 VOLUME PERCENT
o TBP IN DILUENT
o SOURCE OF D.ATA: HW-17747
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Figure [7-3)
RC COLUMN PHASE
EQUILIBRIUM DIAGRAM

15 VOLUME PERCENT

TBP IN DILUENT
SOURCE OF DATA: HW-17747
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q.

G./L. Org.
/L.

Plutonium Distribution Ratio,

Figure V-32
PLUTONIUM DISTRIBUTION
EFFECT OF HNO; CONGCENTRATION
8 OXIDATION STATE

SOURGE OF DATA® ORNL-557

| S N

1

o

1 lllll_ll

0.0l

3 lllllll

C Organic Phase.15.4 Volume per cent
:l TBP in Gulf BT
I Aqueous Phase. HNOjas indicated, Pu

'/ tracer, uranium absent,

i

0.00lI PV W TR U SN SRS T NS SR SR TR B
0 ! 2 3

HNO, Concentration in Aqueous Phase, Moles Liter
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Pu () Distribution Ratio,

G./L. Org.
G/ L. Aq.
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Figure N-33
PLUTONIUM (IV) DISTRIBUTION

DEGREE OF URANIUM SATURATION OF TBP

EFFECT OF
SOURCE OF DATA: ORNL - 717
5 H T T T T EEES B —
al Aqueous Phase - HNO 3, UO,(NO5),,125x107 5 M Pu(IY)
Orgonic Pnase : 15 Volume per cent TBP in Varsol.

3 5 M HNO 5 | |
2} _
- _

O |

30 40 50 60 70 80 90 100

Uranium Saturation of Organic Phase , Per Cent

0311881930
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IRCONIUM, RUTHENIUM AND GROSS FISSION-PRODUCT DISTRIBUTION
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Figure L~ 34

EFFECT OF PER CENT URANIUM SATURATION OF TBP

008 SOURGE OF DATA. CRNL-936
Mg
Qo|<d
Jfd
(LIRL]
)
@00l |-
[~
2
§ 2
£ |
9
a
Aqueous Phase' UQ,(NQ,),, 3m HNC)s,I;nO6 Pu
L gipha G./Min. /M|, I!iosqross beta
C./Min./M1.{ activity source not stated)
Organic Phase: 30 Volume per cent TBP in Guif BT
 Voiume ratio: feed/extractant= |/2
0.00! ! ] I 1 I |

20 3Q 40 5C 60 70 80 20
Uranim Saturation ot Organic Phase, Per Cent
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- Figwro 1735

GROSS BETA AND GAMMA -EMITTING FISSION -PRODUCT DISTRIBUTION

DECLASSIFIED

HW-13140

G/L. Org

EFFECT OF URANIUM AND HNO, CONCENTRATION
SOURCE OF DATA: ANL-4530

Concentration of UQ,(NO,), in Organic Phase, Moles/Liter
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0.10
N Aqueous phase: 002(N03)2 +HNO4
B Organic phase: 10.7 Volume per cent TBP in
[~ methylcyclohexane
™ Radioactivity: From i100-day irrodioted,
_ 270-day "cooled"ORNL siugs
L S~ S9;, PO}, and Na* absent
e
S~o Equal - volume extractions
- \‘\.\\
~J3
N~
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o - ~< Il
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a
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o B
F4
i - LEGEND
_ Broken Lines-Gamma
radioactivity
[ Solid Lines- Beta radioactivity
. |- LOM HN03 in equilibrated aqueous phase
2-2Ttc29M HNO, in equilibrated aqueous phaose
-3 4.6104.8M HNO, « - - "
Uranium Saturation of Qraanic Phose, Per Cent i
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. Fig ‘
FISSION-PRODUCT DISTRIBUTION
FFECT OF TBP AND HNOz CONCENTRATION

SOURCE OF DATA: ANL 4530

OO'_ T T T T 1 1 o
[ LEGEND- 7]
~ Dashed Lines -Gamma radioactivity yd =
- Solid Lines -Bete radioactivity -
l. 5.4 Volume per cent TBP in diluen R
B 2. 107 Voiume per cent TBP in diluent.
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%
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o Aqueous Phase - HNO3, UO2(NO 3);, (SO3,PO3,NG absent) -
Organic Phase - TBP in methyicyclohexane 60 % per cent
n sQturated with urgnium at quilibrium; -
Radioactivity from 100-day irradiated, 270-day "cooleq’
ORNL siugs.
JOOOO! i { i ! i 1
o0 .o 20 30 40 50 6.0 7.0
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HNO3 Distribution Ratio, =
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Figure IV-37
HNOz _DISTRIBUTION
A MN SYSTEM
EFFECT OF HNQ3_CONCENTRATION
SOURCE OF DATA:HW-I17339

Organic Phase : 12.5 Volume per cent TBP
0.003-0.004 M UNH In diluent. ¥
Aqueous Phase: 0.22 M POJ, 3.5M Na*,
022 M SO except 043 M
in Curve I, UNH as listed.

0.012-0.02 M UNH

03141587030

3 *¥) Curves | and 3: Stoddard solvent.

WH Curve 2: Sheil Deodorized Spray Base.

u' 5 3

Concentration of HNOz In Aqueous Phase, Moles /Liter
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Figure IV - 38
HNQ3 DISTRIBUTION
RC COLUMN SYSTEM

‘ EFFECT OF URANIt'M CONCENTRATION
a SOURCE OF DATA : HW -15230

— Qrgonic Phase' 20 Volume per cent
T8P in CCI 4

— Aqueous Phase: U0z (NO,)2, HNO,

LEGEND:

—~ O 5M HNOjy In aqueous phase
Approximate
A 25M HNOs in aqueous phase

B Uranium Saturation of TBP, Per Cent

10 20 30 40 50 60 70 80 90
1 l ] i I | |

l
T T T T J / | J | T T T T T 1
50 _ 100 150

Concentration of U02(N03)2- 6 HZO in Orgamc Phase, G./L.
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PART II: PROCESS, continued
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CHAPTER V. PROCESS ENGINEERING { SOLVENT -EXTRACTION)
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"€c) the pump mixer-settler. (Separations Process Rescarch Unit type), (&)

| 2.2 Pulge colums. .

I &m ‘3‘51@» the liquid contenta of the column are pulsed up

o DRCUSSRE) -

CHAPTER V. PROCESS ENGINEFRING ( SOLVENI‘-EX‘I'RACTION)

A, BASIC PRINCIPLES

1. Introduction

Solmrj, -extraction operations are defined in the Chemical Engineers’
Handbook' -"those in which Beparation of mixtures of different sub-
stancea is accomplished by treetment with a selective liguid solvent®.

of solids, the term as employed in this manual refers to liquid-liquid.
oxtraction. Im liguid-liguid extraction the mixture treeted is liquid
and the two phases or layers resulting from the solvent trestment are both
liquids. In the TBP-process RA Columm, for example, uranyl nitrate dis-
solved in an equecus phase is 8electively extracted into an orgenic phase
when the two liguids are brought into conmtect. The effectiven’esa of the
extraction is dependent on the ciemical composition and rhysical proper-
ties of the two phases ms well as the type of extraction equipment.

2+ Solvent-Extraction Eguipment

2.1 Genersl

: The physical construc‘ti?n‘?:f Hg d-liguid extraction equipmermt may
assume meny different forms.(l){1WJ(29 However, an extraction process
comsists of three operations, as follows: (2) mizing snd bringing the
mtteriel to be extracted into intimete contact with the solvent, (b) allow-
ing the solute to diffuse, and (c) separating the resulting phases or lay-

" ers. In eddition, equipment is usually provided to recover and purify the

solvent. The contact in the extraction equipment may be clther of a stage-
¥ise or of a differentisl mature. In a stage-wish system, the two vhases
ars intimetely contacted, causing the transfer of solute to the golvent
phose to reaech or st least approech equilibrium. The two phases ere then
separated and the process is repested with fresh solvent, Each stage- B
wilse comtact which attoins equilibrium is called a theoreticel stege. In
differential operation, & large number of short contacts between the solute-
rich feed phase mnd the only sparingly miscible solvent phase is achieved .
by subdividing one phase end ressing it countercurrently through the other, _
continuous phese, Settling or disengaging zones are provided to separats
the pheses after the required extent of countercurrent comtact. Among
the meny types of equipment evailebvle » those which have been investigeted
for uranium end plutoniwm recovery aystems are (a) the multiple-vessel.
mixer-settler, (b) the 5.0.D. (Standard 041 Development) mixer-settler,

fhe horizontel, extractor, (e) packed columms, and () pulse colums. A

more complete description of solvent-extraction equipment and & discussion

of the adwentages and disa tap £ the & 8 mey be found in
the Red:x- Tgcﬁcal mzm.m}.?Iﬁl agée;eﬁh:refﬁﬁ%')?ﬁ,_ . .
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end down through 2 series of spaced horizontal porforated plates. This
pulsing movement is superimposed on the net ‘countercurrent flow. The
upward and downward pulsing movement of the column contents through the
plate perforetions causes the perforated plates to provide agitation re-
sulting in more or less intimete mixing of the two countercurrently flow-
ing phases, The functioning of pulse columns under various conditions of
flov rete and pulse frequency and emplitude ie described in more deteil in
Subsection C2, below. :

"

The pulsing operation also performs enother importent and necessary
function in that it provides the meens for countercurrent flow of the
asquecus end orgeanic phases., Experisnce indicates thet the specific. gravity
difference between the two phases is usuelly not sufficient to cause an
eppreciable countercurrent flow through the smell holes in the perforated
plates. Conseguently, the net flow of the lighter phase up and the heav-
ier phase down the column is caused almost entirely by the actions of the
pulse generetor and streém pumps.

Based on identical extraction duty, pulse columne have the adventage
that they are ahoﬁer(?)?l5’5athan pecked columns end the disadventage that
they are mechanically more complex and therefors would be expected %o re-
guire more maintenance.

Pulse columns have been selected as the solvent-extraction contactors
for the Uranium Reeovery Plant primerily becmuse they could be fitted into
the short cells in the TBP Plant Building (221-U), The height requirement
for packed columns would bave necessitated up to 35-ft. deep excavations
to be made in four of the existing 221-U Building cells. It was realized
that these excavations would be costly and might prove structurally hez-

-ardous.

The over-all heights of packed and pulse RA and RC Columns required
for equally good performence ere compared below:

Extraction Column Totel Height, Ft.

Column Packed Pulse
RA 50 21
RC 38 17

3. Special Terms

The terms defined in this subsection are those frequently used in
discussing the operstion or evaluating the performance of solvent-extreac-
tion columns., Examples, including colloguial terms which have come into
use for the TEP process, are included in the following discussion.

3.1 Extraction, stripping, Scrubbing

In comnection with solvent.extraction in the TBP process, the term
extraction 1s used to describe mess transfer, notably of uranium, from
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the equecus to the organic phmse, &8 in the lower section of the'RﬁfColumn.
(See the chemical flowsheet in Chapter I.)

The term stripping is used to describe mass transfer of uranium from
the orgenic to the aguecus phase. Thus, in the RC Column ureniwm is said
to be stripped from the organic feed to the aqusous effluent stream.

The removel of fission products from a uranium-beering organic stream

by contacting it with an 8quecus streem is referred to as scrubbing. Thus,.

in the TEP Process dcrubbing is cerried out in the upper pinte section of
the RA Column, above the RAF feed point, ,;ﬁ5

3.2 Pulse emplitude and frequency

The term pulse emplitude is used to define the magnitude of the up-
and-down motion of the pulse column liguid contents. Anmplitude a8 used
in this menuel is defined as the dlstance between extreme positions: that
would be reached by the liquid during each pulse cycle if thers were no
net flow through the columm. (The emplitude defined in this menner is
twice the distance between one extrems pogition end the meen position.)

The pulse frequency is the time rate of pulsing, It is usually ex-
preesed in cycles per minute.

3.3 Simple angd duel-purpose columns

A8 the name implies, a simple columm is designed to carry out a
8ingle solvent-extraction function (either extraction, or stripping, or

scrubbing). The TBP-process RC Column is a gimple column performing only
uwranium stripping. The RA Columm is designed to carry out- two seperate
8olvent.extraction functions and is therefore referred to as & duel-purpose
or compound column. In the lower portion of the RA Column, uranium and
some fission products are extracted, while in the upper section fiseion
Products are scrubbed from the organic phasse.

3.4 Flooding

dispersed phase (e.g., RAS accompanies the RAU in the TBP-process RA
Column). The flooding cepecity is the throughput level (i.e., £low rates)
et which an infinitesimel increese in flow rates results in flooding.

Local flooding in the colirm consists in an unusuelly large accumula-
tion of dispersed phese at some location in the two-phase zone. It may
appear as an accumuletion of closely-packed dispersed-phase globules or
88 a single large globule filling the space between two or more plates.

If & local flood mainteins a given size (i.e., the increased effective
"head" of the'dispersed“phase is sufficient to cause the dispersed phase

S ecussre e
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“to flow from the local-flood zone at a rate equal‘to the dispersed-phase

flow rate entering the zone), the column mey be operated.indefinitely and
give satisfactory performance as an extraction unit.

Cyclic local flo'oding consiste in the formeation and dissipation of
local floods on a fairly frequent schedule.

3.5 Reflux (external and internsal)

In solveut-erti-action, as in other diffusiona-l processes, external

reflux mey be retwrned to the solvent-extraction colurm to enrich the

extract concentration. For exsmple, the TBP-process RAU streeam could be
incressed in uranium concentration by using & concantrated zqueous ursnium
solution in place of an aquecus-nitric acid mixture for the RAS strean,

In & duel-purpose column a portion of the solute may be extracted in
one part of & column and stripped in the other. This phenomenon is referred

to'as internal reflux. For example, in the upper section of the RA Column

2 portion of the uranium in the organic phese is refluxed internally, some
uranium being stripped from the orgaenic phese by the RAS and carried back
down the colurm where it is agein extracted.

3.6 Bquilibriun snd operating lines

As used in this manual, equilibrium lines. refer to graphical repre-
sentations of the equilibrium solute distribution between the pheses for

. the chemical conditions expected in the countercurrent solvent-extraction

rontactors., Fhese equilibrium lines for all the TBP columns have been
determined from either simple batch or countercurrcnt batch laboratory
studies conducted to epproximate closely the chenical conditions oxpected
in the extraction colurms. These studies ere discussed in Chapter IV.

An operating line is a locus of points depicting the actual solute
concentrations of the aqueous and organic phases at various heights within
the colurn. The opereting-line equation is deveoloped from & solute material
belance made sround either end of a packed or plete section. Typical oper-
ating and equilibrium lines and a discussion of thoir use in eveluating
colunn performance are prescnted in Section B of this chapter.

3.7 Height eguivalent to e theorcticel stage -- (H.E.T7.5.)

The rmss~transfer effoctivoness of ‘solvent-extraction columns nay
be evaluated in tcrms of the height of contractor which is required to
perforn the seme extraction as & singlc theoretical stage. A theoretical
stage is achieved in a column when two influent streaus (not at equili-
briun), entering a section of the colurm, mix and produce effluent streans
which are in equilibriun with one another. For solvent-extraction colurms
containing several theoreticel stages the H.E.T.S. may be obtained by
dividing the height of tho contacting section by the number of theoretical
stages required to sccomplish the same extraction being carried out by

AQSIFIED
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Although the number of theoretical stages is generally obtained for
the TBP-process columns by the graphical or semi-graphical methods dis-
cussed In Subsection 33 of thig chapter, when the operating and equili-~
brium lines are both straight the number of stages (NS) msy be caleulsted
from th? following equation which is similar to # form presented by
Colburni?);

r 3
Iq-s = 10g L(l-P_)‘ NI“‘P:-o..-ao--o‘o-o-.-.;-.-(l)
: log (1/P)

where P = the extraction factor, L/mV for extraction and mv/L tor
stripping:

L/V = slope of the operating lire, (volume of agueous phease
— per unit time)/(volume of orgenic phase per unit time);
c
o m = slope of the equilibrium line, (concentration,g, /1., in
gg; the orgenic phase)/(concentration,g./l., in the aqueous
ffﬂg phase);
e M = Xl/'2{2 for extraction end Y,/1, for stripping -- (if the

extractant contains solute, the values of M become

(ig ~ Tp/m)M, - T, /m)end (Y - Xm)/(x, - Xm) for
extraction and stripping, respectively;

£ = the solute aqueous-phase concentretion, g./l, -- subscript
1 designates inlet (feed) concentration, subscript 2
designates raffinate concentration, and subscript x de-
signates extractant concentration;

I = the solute organic-phease concentration, g./l1, -- subscript
1 designates the orgonic faeed concentration, subscript 2
cesignetes the organic effluent concentration, subscript
X designates the organic extractant concentration,

For the Phise-cquilibrium relatlonshivs involved in the IBP process
(see Figs, V-1 and V-2) the equilibriym lines are curved. Therelcre,
the slope is not consten: and the volue of P varies, However, a close
approximation of the number of stages may be obtained Irom the above
equation by using an appropriate mesn value for the slope of the eguili-
brium line,

3.8 Height of & transfor wnit -- (£.7,U.)

The H.T.U, (helgat of a trensfer unit), like the H.E.T.3. defined
shove, is g measure- of the mass-transter effectivencss of g solvent~
extraction columm., As corpared with the Z.I,7.8., 1t has certein
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correlation adventages, notably in thet in TEP-process systems as in Redox
process systems, it is less sensitive to varietions in the numericsl value
of the extraction factor P.

e

. e

The. number of tranefer units in the perforeted plate sections of TEP-
Trocess columns may be expressed by the integrals:
/X1
o ax
Nw =-/ m,_ l.."'..l.'."l.ll‘i.(e)

+

or ;
N = [ e ceveasesenvescsnesss(3)
o %/ T-T
"1z .
vhere N, = *he mumber of "over-all water-film" transfer units for

trensfer from the aquecus to the organic phese;

N e the mumber of "over-all organic-film" trensfer umits for
transfer from the organic to the agquecus phase;

X = the concentration of the diffusing component in the sgueous
phase;

¥* = +the concentration of the diffusing compcnent in the agueous
phase in equilibrium with an organic phase of composition T;

T = the concentration of the diffusing component in the organic
thase;

T* . the concentration of the diffusing component in the orgemic
phase in equilibrium with an equeous phase of composition X,

Thus, the number of transfer units is an integrated ratio of the change to
diffusing-component concentration to the concentration driving force which
causes the transfer between pheses.

The E.T.U. (height of @ transfer unit) is calculated by dividing the
packed height by the nunber of trensfer wnits celculeated from one of the
above integrals.

' When the equilibrium and operating lines are both stralght, the
number of transfer units (Ny) may be calculated from the following equa-
tion, developed by Colburn: '

N'h = 2'3 loe r_gf_%g)M".Er]— .-ocoucu--no.--a(h‘)

If the extraction values for M end P given under 3.7, above, are substituted

o ¥
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in the ebove equetion, N becones Now. Sinilarly, if stripping values

are substituted for M ang P, Ny becomes Noo+ The equation is not rigorous
unless the operating and equilibrium lines are both straight (constant P).
However, approximate Ny velues may be obtained by using an appropriete
me&n value of P,

The "over-all" mumber of transfer units, Noy and Noo, include contri-
butions of both the individusl agqueous and organic-film number of transfer
units which are related by the following equations:

/N = 1/%, + (LAV) 1w, ereseeseiseiiase(5)
l/Noo = I/No-;-(mV/L) l/Nv AEEELEETRTTPPRING)

vhere Ny is the mumber of trensfer units required for trensfer across
the asquecus film and No is the number of transfer units required for
transfer across the organic film. It is geen from these equations thet
if the individual-film transfer-unit values are lergely independent of -
P, as 18 often believed to be the case, the over-all values will be like-
wise independent whenevor the torms (L/e¥)1/8, and (mV/L)1/%, in Equations
(5) and (%), respactively, ere negligible, viz., when P (i.e., L/oV for
Equation (5} or wV/L for Equation (6)) is less then about 0.1, As P in-
creases from 0.1 to 1, the terms (L/V)1/N, and (o¥ /L)1L/N, become in-
creesingly significant, so that more significant variation of over-all
transfer-unit veluss with P night be expected in this region.

3.9 Relation between H.T.U. and H.E.T.S.

By combining the integreted expressions for Nt (nurber of transfer
units) and Ny (number of theoretical stages) presented under A3.,7 and
3.8, above, it 18 found that the H.E.T.S. end H.T.U. are theoretically
related by the equation below, which is rigorously correct only for
straight operating and equilibrium lines:

HIEITIS. -2-3 log P
IT.U. = l-P . ’

where the extraction factor P is, @8 explained under A3.7, the slope of
the operating line divided by the slope of the equilibrium line for ex-
traction operations end the reciprocal for stripping operations. For
cperating and equilibriwn linaes which are both 8traight and rarallel,

the value of P is unity end, although the above eéquation reduces to an in-
deterninate form, it Ay be denonstrated thet the H.E.T.S. equals the
H.T.U. As the relative slopes of the operating and equilibriun lines are
changed so thet these lines diverge nore end rore, the numericel valus of
P becones Progressively stnller than unity end the RH.E.T.S. becomes Dro-
gressively larger than the H.T.U. For curved cperating and/or equilibriun
lines, the equation applies as an approximation rrovided appropriate nean
values of the s8lopes of these lines are chosen,

- DECLASSIFIED ~—y
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8. THE OPERATING DIAGRAM (H.E.T.S. AND H,.T.U. CALCUIATIONS)

1. Introduction

The purpose of this section 18 to discuss the calculation procedures
end opersting diegrems used in evaluating the solvent-extraction perform-
ance of the BA and RC Coluwmns. EHExamples of E.E.T.S. end H.T.U. caleula-
tions are given in Subsection B3. A summery of the expected H.T.U. values
for the plant BA end RC Columns under TEP-EW No. 4 and No. 5 Flowsheet
conditions is given in Subsection C3.

The operating diasgrams discussed in this chepter are X.Y plots (some-
what similar to the McCabe-Thiele diagram used in distillation) with X
and Y axis values depleting aqueous end organic phase concentrations,
respectively. ZEech of the diegrams includes an X-Y equilibrium line for
the diffusing uranium (see the equilibrium data in Chapter IV end HW-17T47)
and en opertting line derived from & material balonce around the columm.
The operating diagrems sre used for calculating the number of equivalent
theoretical stages end/or the mumber of trensfer units required for the
desired extraction. ' -

From the opereting diagram, quontitative or qualitative enalysis mey
be made of the effects which changing operating variablee have on the ex-
traction efficiency of the sepsration. On Figures V-1 and V-2 rercmeters -
which show the effect of nitrste ion concentratlon upon phase equilibrium
are included. -

2. Opernting Line Equations

. The units used for constructing the RA and RC Column operating dia-

. grems vere chosen as grams of UNH (urenyl nitrote hexohydrote) per liter
of solution. By neglecting the chonge in the volume of solution flowing
(L and V) due to the slight mutuml solubllity of the organic and water
phases and the transfer of urenyl nitrote end HNO3, & meterial belance
around the bottom end of the colurm produces & straight operating line,
represented by the equation below, employing the usual nomenclature
(defined in Table V-1).

L(ﬁ - xv) DOV(T - Ty) ereeeveerereneees (7)
or

T = (LAX + Ig - (LA)Z, cevenvecenceee (8)

- A similar balonce mmy be made around the scrub section {top) of the
RA Colurm end leads to the equotion

T = (L)X + Ty - (LA)Rg soevenvearrere (9)

The operating line for the RC Colurm is developed in an anologous
mnoner by @ mntericl balance around the top of the colurm, yielding the
equation: '

| f = (L)X 4+ Yy - (LAV)Kg eeccceccenss (10)

DECLASSIFED e




The use of the operating lines presented sbove ig illustrated in
Subsection B3 and Figures V-1 and V-2. Tor a derivation of the cperating
line equatiorn reference is mode to Chopter V of the Redox Technical
Manual,(1k)

3. Exomple E.E.T.S, and E.T.0. Coleulntions

3.1 Exemple H.E.T.S. calculation -- RA extraction section

Outlined below is an evaluation of the uranium mass transfer per.
formance of the extraction section of a TBP RA Column as indicated by =
graphical stage step-off computation of H.]Prﬁ' +3. A discussion of the
theory of the method may be found in Perry\*’), In this example the column
is operating under conditions approximating those shown on the TBP-EW No.
L Flowsheet, presented in Chapter I.

The following data were obtained during the steady-state period of
& typical pilot-plant rum, 16"-17-RAU, in & 16-inch-diameter colum with
a 12.1-foot-high verforeted-plate section.

Volume, UNH Concentration ’
Stream Liters . G./L.
RAF k,650 134.5
RAS . 2,910 0
RAX 11,750 0.0045
RAU 11,860 33.9
RAW T,700 0.16

Substituting these data in Equations. (8) ang (9) prosented in Subsection BD
leads to the following operating line equations: _

For the Scrub’ Section: T 2 0.205X + 53.9 eveenncanennns. (11)
For the }k'braétion Section: ¥ = 0.6553 - 0.1003 ..............(3_2)

These equations are graphically presented on Figure V-1 together
with the appropriate equilibrium line, selected in accordance with the
uranium mess-trensfer squilibrium information in Chapter IV.

Bef'ore the number of gtages in the extraction section cen be calcu-
lated, the composition of the aqueous and orgenic phases at the top of
this section must be determined. It should be recmlled thet because of
the mechanical construction of the RA Column, which iZ a dual-purpose
colutn, the organic effluent from the extraction gection is the influent
to the scrub section and the 8queous effluent from the scrub section mixed
with the RAF (feed) is the influent to the extraction section. For calcu-
lation purvoses it has been assured that sufficient stages are present in
the scrudb section so0 that the organic end aqueous phases at the bottom of
the scrub section are in equllbrium, i.e., the organic phese composition
at the bottom of the scrub section (or top of the extrection sectlion) is

fo— DECLASSFED e




found at the intersection of the scrub section operating and equilibrium
lines. After the organic composition is determined, the stege step-off
procedure can either start or terminate at this value of Y. In Figure V-1,
the step-off is started at the waste composition, %y (0.16 g./1.), using
the RAW total NO§ concentration to determine the correct equilibrium line.
The HNO3 concentration in the organic stream leaving the bottom stage is
assumed to be negligibly smell. (Experimental csleulations have indicated
that the total number of stages is relatively independent of this value.)
It may be noted that a total of 3,21 stages are needed, ylelding an H.E.T.S.
value of 12.1/3.21 = 3.8 feet. _

3.2 Example H.T.U. calculation -- RA extraction section

The operating and equilibriun lines developed and shown in Figure V-1
for the above H.E.T.S. celculation (Run 16"-17-RAU) will be used for the
following H.T.U. example calculation.

The mumber of trensfer uni:s ("over-ell aqusous-£ilm" basis) in the
RA Colvmn may be obtained by utilizing the expression

ffx

IS5

Nw =. X;ixx* .l"..'.l.....'...0..(13)
Zo

If both the operating and equili‘brim lines ere straight, analyticel in-
tegration leads to the expression

- . ! I A ) 7
' . X3 - Yxém 1
=2 ' 'ln. luP H -+ P iesab s e l.!.‘,
‘ o :\.l - Pf’: i( : X2 - Iz u i . ()

—

(See Table V-1, for nomenclature.)

Since the UNH equilibrium line (Fig. V-1) has considerable curvature
at the concentrated end when plotted on linear cocrdinates, it would be
difficult to determine an appropriate nmean value for the extraction factor,
P, tc be used in Colburn's equation. Therefore, the caleulation is broken
into two perts with the number of transfer wmits in the concentrated region,
from X = 2.5 g. UNE/1l., to X = 80.8 g. UNE/1., calculated by grephical
integration of Equation (13) end the mwber of transfor units in the: dilute
region, from X = 0.15 g./1. to X = 2.5 g./1. calculated by Colburn's equa-
tion (Equation 1k).

{(a) Concentroted-region transfer units by graphical integration In
grephically integreting Equation(13), velues of X and X° are obtained by
drawing constent Y lines on the opermting diegrem (Fig. V-1) and peading
X and X* values at the intersections of the constant Y lines witH the
operating and equilibrium lines, respectively. These data are tabulated
below.
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X x* 1/(x - %)
2.5 0.2 0.43k7
3.5 0.3 0.3125
4.5 0.k 0.2h39
5.5 0.5 0.1567
8.5 0.6 0.1265

12.5 1.0 0.0870
15.5 1.k 0.0552
2h,5 2.5 0.0453
32.5 3.8 0.0348
48.5 7.4 0.0243
64,5 12.3 0.0192
5.5 16,7 0.0120
89.8 20.4 0.01%4

The grashical integration mey be performed by plotting 1/(X - )E"' } vgj-sus
X and finding the erea under the curve by conventional methodst-) (1
8uch &8s counting squares. For this particular example,

+89.8 /89.8

dax
; " 5 = / m—- = ]-F.Oll-
- D ’/2.5

(b) Dilute region trensfer wnits b Colburn's equation Equation
(14) cwove I8 utilized For <ho dilute region transfer-mit calculations:

« 2.3 1og i (X3 - Yxém}
NO‘W 1-F L(l-P) 2 - Yg/m + |
1245 5. - o a . -
Now 0 16 = T | (1-0.08187) 2:2.2.0- -06'?"300536233 * 0.00287 = 2.90

(¢) E.P.U. The total number of transfer units in the RA Column 6x-
traction section is found by addition of the resuit obtained under (a) andg
{B), above:

New

8908 -52.5
d 2.5 '-“‘0016

I |

Now = Now = ‘I+.OJ+ + 2-90 = 6.9)4-

i

The H.T.U, is obtained by dividing the 12,1.f%t, perforated-plate section -
beight by the number of trensfer units: !

BT.U. = 12,1/6.9% = 1.75 feet.

3.3 Exemple H.E.T.S. calculation -- RC Column

Outlined below i3 the graphical stage step-off H.N.T.S. method used
for eveluating the urenium stripping performance of the pecked section of
e TBP RC Column operating at conditions closely approximeting BW No., L

. o DECLASSHED e
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Flowsheet conditions. The following dzta were ohtained during the steady-
state period of & typical pilot-plent run, 16"-18.RCU, made in a 15-inch-
diameter column with & 12.1-ft.-high perforated-plate section.

Volune, UNH Concentration,
Strean Liters G./T.
RCF 7690 50.2
RCX 8050 0.0030
RCU 8210 L8.2
RCW Thho 0.23

The X and ¥ values used on the uranium operating diagram {Fig. V-3) are
exoressed as g.UNH/liter of solution. These units were selected so that
a straight operating line (Equation (10), Subsection B2) results. Sub-
stituting the ebove deta in Equation (10) leads to the expression

Y = 1.082 X + 0.227

This opersting line is plotted on Figure V-2 with the appropriate
equilibrium line deterurined by the concentration of HENO3 present. e
variation of HNO3 concentration &s the agueous siream flows through the
columm affects the urenium equilibrium velue for sach stage. Investige-
tions of HNOj acid transfer indicate that about 90 per cent of the HNC3
introduced in the orgenic feed (RCF) to the columm is transferred in the
first theoreticsl :tege. The remeining 10 per cent is assumed to be
transferred in the second stage.

Baged on these promises, the stage step-off is started et Ig = 50.2,
Ty = 48.2, using the equilibriuwm line correspending to the equeous con-
centration of 8.43 g./1. For the second stoge, the equilibrium line
corresponding to a nitric acid concentration of 10 per cent of this velue
(0.843 g./1.} is used. Since 2.03 extraction steges have beer stepped
off on Figure V-2 and the extraction section height is 12.1 feet, the
E.E.T.8, is8 12.1/2.03 = 6.0 feet. (The oguilibrium line corresponding to
no aitric acid in the aqueous phase wes extrapolested in estineting the
fractional stage.)

3.4 Example E.T.U. calculation -~ RC Colurm

The nuriber of uraniun transfer units ("over-ell organic-filn" besis)
in the RC Coluwrm may be chtained by using a suitable methed for inte-
grating the basic equaticn

1 ey
Voo = T

A N

discussed under A3.8, ebove.
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In determin;ng the number of uranium transfer wmits obtained in the
column for Run 15".17-RCU, the equilibrium and operating lines developed
under B3.3. above, and plottad on Figure V-2 are used.

Since the UNH equilibrium line (Figure V-2) hag considerable curvature
at the concentrated end when plotted on arithmetic coordinates » it would
be difficult to determine an appropriate value for the extraction factor,
P, to be used in Colburn's equation. Therefore, the calculation is broken

region (Y = 5 to 50.2 g.UNH/1.) calculated by graphical integration, and
the number of trensfer units from Y=0.23¢g./2.t07 =35 g./1. calculated
by classical integretion.

{a) Concentreted-region transfer wnits by graphicel integration Tn
evaluating the integral

£ 150.2 Q.2
= R : ’/5 av
o ‘ oG fs / Y-
= o /35
:f: velues of Y and Y* ere found from Figure V-2 at the intersection of appro-
e Priate constant ¥ lines with the operating and equilibriuym lines, respec-
£ tively. These data are tabulated below.

Y ™ 1/(y - Y*

35 0.02 0.1672

8 0.05 0.1258

10 0.09 0.1009

15 0.30 0.0680

20 0.75 0.0519

25 1.50 0.0425

30 2.50 0.0355

Lo 6.60 0.0299

50 k.0 0.0278

502 15.0 0.0284

(v) Dilute region transfer units by classical integration For smaller
values of ¥ (Y = 0.23 to >) the valus of bacomes negligible in compari.
8on with Y. Thusg 5

-~ e
. -,,5'0 / '6.0 av . // 5.0 av 5.0
o | = o™ = To= ln'o__"§§ = 3.25
“0.23  ,23 ~0.23
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2.5 350 0.1 3.8 7.0{d) 1.7
5.0 720 0.05 L.2 8.0{d) 1.5
5.0 370 0.0% k.2 8.0(¢) 1.5

S O AT =

Foe e A LT

{¢) H.T.U.
Total Ny, = 2.27 + 3.25 = 35.52

The H.T.U. 18 therefors 12.1/3.52 = 2.2 feet.

¢. VARIABLES AFFECTING COLLMN EXTRACTION PERFORMANCE AND FLOODING CAPACITY

1. Introduction

The purpose of this section 15 to discuss the influence of the various
rrocess variables on the dosign and operation of the solvent-extraction
columns in the TBP Plant. The sffects of these variables on waste losses,
flooding capacity, and column rangeability will be descrived. For clarity
in presentation, & line of demarcation has been dravn between the variables
whose values have been Tixed by mechanical factors during plant design
(design varigbles) and those vepiables whose values can bse changed by oper-
ating conditions (cperating varistles).

Based on data more fully explained later in this section, a sumary
table giving the oxpected nerformence of the TEP-process RA and RC Colurms
at the indicated processing rates, under the conditions of the TBP-HW No.
4 Flowsheet, follows. Details on the columm snd perforated plate geonetry
are presented under Ch end in Chapter IV.

24 Colum Extraction Section (Diem. 20 In.; "Packed" Height 12 rt.)(@)

Short Volume Velocity, No. of U (e)
Tons  Cel./(Hr.)(Sq.Ft.), © U loss E.E.T.5., Transfor E.0.U., C
U/pay Sum of Both Pheses In Waste Tt. Units Tt.

2.5 700 0.1 2.4 7.5(") 1.5

5.0 1400 0.4 5.3 6.ol¢) 2.0

5.0 1700 0.3 5.0 5.2(¢) 2.3

RQ Columm (Dism. 30 In.; "Packed" Hoight 12 pt.)(0)

Notes: (&) Values selected at pulse emplitude of 1.28 in. and &
pulse froguency of 50 cycles per nimute. Plooding volume
yelocity of column is about 3500 gal./(hr.)(sq .ft.), sum
of both phases.

{b) Values sclected at pulse emplitude of .07 in. and a pulse
frequency of 90 cycles per minute. Flooding volume ve-
locity of column is about 1000 gal./(kr.)(sq.ft.), sum of
hoth phases.
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(e)
(a)
(e)

o DECLISSPED

"Over-all water-film" transfer umits.
"Over-all organic-£ilm" transfer units.

Cn tha baaia of available. dnta, RA Column H.T.U. wvalues

w&©  DECLASSIFED

under TBP-HAW No, 5 Flowsheet conditions are only alightly
(up to 10%) higher then No. 4 Flowsheet RA Column H.T.U.'s
et the same uranium processing rates.

With the excen+ion of the RA Columm waste loss at 6 tons U/day. (20% above
design capacity) the estimeted uranium losses cited above are at or be-
lew the G.5 per cent loss per column used as the basis of design for the
TEP Plant. .

The numbers of transfor units or theoretical stages required in the
RA Columm extraction section and in the RC Columm under TBP-HW No. I Flow-
sheet conditions to limit urenium losses to 0.5% per columm are es follows:

: ' Required Required No.
Column No. of Stages cf Transfor Units
RA extraction section 3.5 s(a)
S5 f’(b)

RC 3

Notes: (a) "Over-all water-£1lm" trensfer units.

(b) "Over-al¢ organic-£ilm" transfer vmivs.

2. The Three szes of Pulse Colinm Operation

Observations of & 3-inch I.D. glass pulse columm in operation have
rovealed a corrclation botween certain types of phese disversion, the
range of pulse frequoncy at any given amplitude, and the effectiveness
of uranium transfer. Chenges in the type of phase dispersion resulting
from chenges in the operating verisblee (flow rate and pulse frequency
at any fixed amplitude) are indicated in the figure below.

"/
Pulsed w,rf_ﬁ///
Volume = - M,,«f"_ ‘*a\\\ Typical
o Velocity 4/<mf/f,' A 4 N Flooding
Tom STy, G
Rate ’?:,’.{*_. “ ‘ "Bl'l A \ Region \ /’/
,/3<%;T:fﬂx\\\ Buulsion \ - '\p?
;//’ e CType N
. / . JTA". \Ommtlm\ . \
7T Mizer~- AL T \
R " R SR U
- SRR N T
/T Topermtiemt | i |

Pulse Frequency
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This figure applies qualitatively to both the RA and the RC Column.

The chenges in column appesrance accompenying changes of frequency
or flow rate involve graduel blending of one type of operation into
another. Operation in the region labeled "A" (see graph) has been desig-

- nated as "mixer-settler” type, and operetion in the intermediate region,

"B", "emulsion" type. The name "unstable region" applied to the right-
hand section, "C", is derived from the characteristics of the column when
operated neer the flooding point. The "mixer-settler” operation (for 1/8--
in.-diameter plate perforations) is charscterized by large drop eize,
clear agueous layers between plates at intermediate points in the pulse
cycla, clesr organic-phase layers under the plates during portions of the
downward pulse, high stability, and high velues of H.T.U.

The. "emulsion” region is characterized by small drop size, uniform
dispersion of phoses, end low H.T.U. The "unstable region" is charucter-
ized by mixtures of fine and coarse organic drops, formation of large
drops of orgenic phmse by coalescence, infrequent sudden reversals of con-
tinuous phase (local flooding) in short sections of column, build-up of
one to two feet of comtinuous orgonic phese under the bottom plate of the
cartridge, and gemerelly somewhat higher H.T.U. values than for emulsion-
type operation.

3. BEffacts of Opernting Variables on Extroction and Copocity

Thig subsection is designed to indiccte the effects of the soveral
operating veriobles on the extraction effsctiveness and throughput copocity
of the TBP-process solvent-extroction columms. For the most rart the data
presented were extropolated from pilot-plont data obtained with 3, 5, 8,
and l5-inch-diameter pulse colums. For this reason, the values of the
vericbles shown are only approximote, but the validity of the trends indi-
cated is well estoblished. |

3.1 Effect of pulse freguency

In the range of opernting veriables inveatignted in pilot-plant
studies it was found that changes caused by varietion in pulse smplitude
and/or pulse frequency my be correlsted by the use of the aritimetic
rroduct of the pulse amplitude and pulse frequency. Since the pulse
amplitudes in the plent columns have been fixed by the design of the
pulse gencrators, the amplitude-frequency product cen be divided by the
fixed pulse cmplitude (1.28 and 0.57 in. in the R4 and RC Columns, re-
spectively) and the correlaotion Presented with frequency as the independ-
ent variable.

Figures V-3 and V-4 indicate the effect of pulse frequency variations
in the RA and RC Columns operating at the fixed pulse amplitudes nnd at
volume velocities corresponding to instantencous uranium processing rotes
of 2.5, 5.0, end 5.0 tons per day. The plots presented were obtained by
extrapoleting data from pilot-plant studies in 3, 5, 8, and 15-inch-
dismeter pulse columns. These data indicate that H.T.U. velues docreasc
with increasing.pulse,frequancy over the range studied. TFor exemple,
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under the conditions of the TEP-HW No. 4 Flowsheet, at 2 volume velocity
of 1400 gal./(hr.)(sq.ft.), sum of both pheses, corresponding to & uranium
Processing rate of 5 tons/day, the plant-size (20-in. diam.) RA Column
H.T.U. decremses from 2.4 ft. at 25 cycles/minute to 2.0 £t. at 55 cycles/
minute. The H.T.U. of the RC Column (30-in. dinm.} at a volume velocity
of 720 gol./(hr.)(sq.f%t.), sum of both phases, (corresponding to 5 tons
U/day) decreeses from about 2.5 feet at 55 cycles/minute to 1.5 feet at 90
cycles/minute.

Figures V-5 and V-5 illustrate the effect of freguency on the flooding
capacity of the colunn. As indicmted by these figures, the operaction of
e pulse column differs markedly from that of a Packed column, in thot no
measurable countercurrent flow can be obtained in a pulse column wnless
the column contents are nulsed. At low frequencies (up to about 30 and 35
cycles/min., respectively, for the RA and RC Columns at the respective
rlant emplitudes of 1.28 and 0.57 in.) the capacity of the columms is equal
to the pulsed volume velocity end thus increases in proportion to the fre-

i quency. Accordingly, at low frogquencies the pulsed volume velocity moy
e be comruted from the relation

£ '

g | W = Th.B1 ef,

&5 vhere '

VWV = volume velocity, gal./(hr.)(Sq.ff.),

a

pulse amplitude, inches,

£

i

pulse frequoncy, cycles/min.

The number 74.581 arpearing in the above equation is & conversion factcr
for the units, (gel./(hr.)(sq.ft.))/(in./min.). As the frequency in-
creases further, the flooding cepecity becomes increasingly lower theon
the pulsed volume velocity. After passing through a meximm in the
neighborhood cf 50 and 55 cycles/min. for RA and RC,respectively, (at the
plant amplitudes) the flooding caepacity decreases with further increasas
in the frequency, until, sbove a certain limiting frequency, no counterw
current flow through the colum is possible. At the plant amplitudes,
these limiting frequencies for the RA end RC Columns are in the neighbor-
hood of 75 and 105 cycles/min.,respectively.

The fanges of frequeﬁcies Permitting plent column ceponeities corres-
ronding to instantanecus uranium vrocessing retes of 2.5, 5.0, and 5.0
tons por dey ere tabulated helow.
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FPlooding Freguencies

) Volumse Velocity, ¥Flooding Frequencies,
U Processing Gel./(Hr.)(Sq.Ft.), Cycles/Min,
Rate, Tons/Day Sum of Both Phases Upper Lover
RA Column:
2.5 TO0 T2 T
5.0 1400 71 1k
5.0 1700 TO 17
RC Column:
2.5 360 99 9
5.0 720 ok 17
6.0 870 gz 20

These date, extrapclated from pilot-plant deta from 3, 5, 8, end 15-inch
pulse columns, epply to the plant-size columns (20-in,.-diem. RA, 30-in.-
diem. RC}. (It should be noted, however, thnt the frequency of the plant
pulse generetors mey be varied only between 25 and 90 cyc./min., so that
some of the flooding frequencies tabulnted ebove connot actually be
attained in the TBP Plant.)

3.2 Effect of volume velocity

The effect of volume velocity on H.T.U. values in the RA and RC Columms
at selected pulse frequencies is plotted in Figures V-7 and V-8. These datc
indicate & gradual increase in RA Column E.T7.U. values as the volume veloc-
ity increases. This effect becomes more nronounced ot volume velocities
above 1400 gal./(hr.)(sq.ft.), sum of both phmses. Typiccl values for the
RA Column et o pulse frequency of 55 cycles /mimrte are listed below.

H.T.U. vs. Volume Velocity - RA Columm Extraction Section
Pulse freguency =55 cyc./min.

Volume Velocity,

U Processing Gal./(Hr.){Sq.F%.),
Rate, Tons/Day Sum of Both Phases H.T.U., Ft.
1.4 koo 1.4
2.5 700 1.5
5.0 1400 2.0
6.0 1700 2.2
7.1 2000 2.5

RC Column H.T.U. values go through a minimum with increasing volume
velocity. This minizum point occurs at about 800 gal./(hr.)(sq.ft.),
su of both pheses. Typicrl values for the RC Column &t a pulse frequency
of 90 cycles/minute are listed below.
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H.T.U. v8, Volume Velocity - RC Columm Extraction Section
Pulse frequency = g0 cyc./min. o

Volume Velocity,

U Processing Gal./(Hr.)}(Sq.Pt.),
Rate, Tons/Day - Sum of Both Phases HE.I.U., Ft.
2.1 300 1.8
2.5 . ' 360 . o 1.7
5.0 _ ' 720 1.5
5.0 870 1.5
6.9 1000 1.6

3.3 Effect of alternative flowsheets

Pllot-plant runs indicete no significant differences between the TEP-
EW No. 3 and No. 4 Flowsheet H.T.U. vAluee for either the RA or the RC
Column. Although only two pilot-plant RA Column runs were made under
TBP-HW No. 5 Flowsheet conditions it is expected that the increased aque-

‘ous flow rete and the increaesed aqueous-to-organic flow ratio would result

in only & slight (up to 10%) incresse in the RA Column H.T.U. velues (for
a given urenium production rate) over the TBP-AW No. L Flowsheet H.T.U.'s.

‘With the exception of the RAF streem, all column influent strean composi-

tions and flows are the seme in the TBP-EW No. U4 and No. 5 Flowsheets .

(See Figures I-2 end I-3). In the TBP-AW No. 5 Flowsheet, which involves
no feed concentration step, each ton of uranium is contained in a L7
greater RAF volume than under the conditions of the TEP-EW No. b Flowsheet.

Operational changes from nominal TEP-EW No. 4 Flowsheet conditions
to flowsheets employing feeds prepared from supernate or sludge slone do
affect the RA Columm H.T.U., values. The H.T.U. values increase asbout 100
per cent when supernate feed is used. A decrease in H.T.U. valuss of
approximately 15 per cent accompanies a change to a2 sludge feed. The
me jor portion of ths fluctuation in H.T.U. values is thought to be attri-
butable to changes in the aqueocus-to-organic flow ratios plus a small
effect caused by concentretion changes.

3.4 Effect of agueous-to-organic flow retio

Redox-process packed-column experiments' indicete an increoase in
H.T.U, values with increaeing aquecus-to-organic volume flow retios (L/v).
A 2 to 2.5-f0ld increess in E.T.U. values was noted with an increase in
L/V from 0.2 to 5.0. It is believed that in a qualitative sense such a
trend preveils alsoc with TBP-process pulss columns.

3.5 Effect of phyeical promerties

The physical properties of most importance in solvent-extraction
column performance are (&) the density difference between the agueous and
organlc phases, (b) the viscosities of the rhasea, (c) interfacial tension
between the phases, and (d) the diffusivities of the diffusing components.
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Theae physicel properties of the solutions in all TBP-process. columns sre
sufficiently favoreble, &s evidenced by the adequately low H.T.U, valuss
and adequately high flooding capacities of the TBP columms, though not
guite as favorable as in the Redox process. Although not too well under-
stood quantitatively, the following semigquantitative statements 1llustrate
the general importance of the above physical properties on packed solvent-
extraction column performence-.

3.51 Density difference between phases

For given columm and plate geometry and materiels of construction, the
flooding capacity increases as approximately the first power of the density
difference between the phaeses. This density difference is generally 0.2
to 0.35 g./hl. for the TBP-process columns -- Whereas column operstion is
feasible (generally with lower flooding capacities, however) in systems
with a demsity difference as low as 0.05 g./ml.

3.52 Viscosity

Low viscosity of the continuous phese gemerally favors high flooding
capacity, the flooding capacity being proportional to about the minus 0.2
pover of the viscosity. Viscosities in the TBP streems are relatively
low, ranging from 1.0 to 1.5 cemtipoises in aqueous streams, and from 1.8
to 2.5 centipoises in organic streems.

3.53 Interfacial tension

ILow interfacial tension gemerally favors high flooding capacity.
(The flooding capacity is proportional to about the minus 0.l power of
the interfacial tension.) Interfacial tensions between orgenic and agueous
pheses of the TRP.process systems are low, about 15 dynes/em., though not
as unusually low (5 to 10 dynes/cm.) as the interfacial tensions in the
Redox-process systems.

3.54% Diffusivity

Individual-film H.T7.U. values are generaelly belisved to vary directly
with the value of the dimensionlaess Schmidt number raised to approximately
the 0.5 power,

0.6

/M
)

where any set of consistent units may be used, such as:

/Lt = wviscosity, 1b./(kr.){ft.);
G = deasity, lb./cu.ft.;
D = diffusivity of .he dirfusing component, sq.ft./hr.
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Hence individual aqueocus-£ilm or organic-film H.T.U. values should be
smaller for lower viscosity and higher diffusivity values. Smaller values
of the Schmidt number undoubtedly account, in part, for the lower H.T.U.
velupe cbteined in Redox colimms than in the TBP uranium recovery or Purex-
Process columns.

3.5 Effect of diluent

Transfer unit heights and flooding capacities may vary somewhat with
the physical properties imparted by the diluent to the solvent phasse,
as discussed under 3.5, ebovs.

Scouting runs in a 3-inch pPilot-plant column indicate that H.T.U.
velues obtained with Amsco 125-9W as diluent ara about the Bame as those
obtained with Shell Decdorized Spray Base. (For the properties of these
diluents reference is made to Chepter Iv.) '

3.7 Effect of column tempereture

Three-inch-diameter pulse-colurm, pilot-plant runs indicated no
8ignificant difference between the uranimm losses at TT°F. and at 110°F.
for either the RA or the RC Column.

k. Effects of Design Variebles on Extranction and Capacity

The studies of pulse column veriebles in nominal 3,5, 8, and 15.
inch-diemeter columns led %o the following cartridge end colurm geometry
specificatimms for the TBP-process RA and RC Pulse Columns.

Colurm Geonotry

R4 Column RC Column
Inside diemster 20 in. 30 in.
Over-ell height, including dis- 21 £t, 17 £t.
engeging sections but not
connectors
Perforated-plate sesction height 3.17 ft. (scrub) 12 f£t,

12 £t. (extn.)

BA and RC Col'min Perforated-Plote Cartridge Geometry

Plate specing 2 in. (center line to
center line)

Hole size 0.125-in. diameter

Perforated area 23

Plate material Stainless steel (Type 347)

Plate thiclmess 0 05625 in.

Dismetric cleerence (plate to wall} 0.125 in., meximm
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Cartridges of the geometry specified in the above tatle were also
used in the major portion of the pilot-plant TBP-process pulse-column
studies. A cartridge of this geometry is often referred to as a "standard

cartridge."

The following table summarizes the approximote megnitude of the effects
on colum H.T.U. and capacity of those variables which are fixed by the de-
sign of the columns snd connot be changed in the course of regular opera-

tion.

of the plant columns.

near optimm.

These effects were considered in erriving at the design specificatlions
The selected volues of the variables are generally

_ Effect of Design Verimbles on. Column Extraction and Capacity -

Varicble

Relative Importance®

General Effect

Pulse amplitude

Plate hole die-
neber

Plate free (per-

forated) area
Plate spacing

Column dlameter

Plate surfacing

First-order effect on both
extraction end capecity (in
the renge 0.25 to 1.5 in.).

First-order effect on capoc-
ity; second-order effect on
extraction (in the range
0.0k-in. to 3/15-in. diome-
ter).

Second-order effects on
both extraction and capac-
ity in the roenge 10 to 4
free arsc.

Second-order effects on
both extraction and capacity
in the renge 1 in. to 4 in.

Second-order effect on oz~
troction in the BA Columm
in the range 3 to 20 in.;
third-~crder effoct on ex-
traction in the RC Columm
in the range 3 to 3C in.
Third-order offects on
column capacities.

Third-crder effect.

As smplitude increases

H.T.U. values ere reduced
to 8 minimm end then in-
crease, The capacity in-
creases with emplitude to
a moximum then decreoses.

1/8-in.-diemeter holes give
good all-around performance.
H.T.U. and capaclty incretise
with hole diameter.

B.T.U. and flooding ctpac-
ity increase with increase
in free area in the 10 to
LO% renge.

E.7.,U. and flooding capecity
increase with increase in
plate spacing.

H.T.U. increases with
column diswmeter. Super-
ficial throughput capacity
not gignificontly affected
by dismeter.

The best performance in
gtainless steel plates is
comperable to the best in
nlastic-faced plates.
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Variable Relative Importance* Gernerel Effect
Wall clearance Third-order effect for clear- The H.T.U. incfeases.with
(between plates ance up to 1/8-in. on the increaging wall clearsnce.
end column wall) diemeter in a. 3-in.-dismeter
column.
Disengagement Third-order effect on capec- The capacity is not sig-
section ity. - nificantly effected by

~disengagement section
design if the residence
time to separste the mixed
rhases is above about 5

minutes.
Influent stream Third-order effect on ex- Column performance with
distributors traction and cepacity. gimple distributors is
' equal to thet with multi-
hole type.
Continuous phass Second or third-order Limited dets indicate
effect. superior performence with

the aqueous phase con-
tinuous for both RA and
RC Columns.

*) The above comparisons reflect approximately the following
differences: '

First order -- greater than 3-fold effects on E.T.U.
' . end {or capacity. .

Second order -- less-than 2-fold effects.

Third order -- effects laess than approximately + 304.

The comparisone in the table erc mainly hased on data obtained in £
3-inch-diemeter pulse colummn and a few rims in & and 15-1inch-diametor
columms. Beceuse of the limited number of pilot-plant runs mede to study
these effects and the omission of mmerous qualifying deteils, the com-
rarisons ere only approximate. Reference is made to Document HW-19170 for
complete details of the pilot-plant studies which are the besis for these
comperisons,

D. DECONTAMINATION OF URANIUM FROM PISSION PRODUCTS AND PLUTONTUM

1. Introduction

This section deals with the decontamination performance of the TBP
Plant solvent-oxtraction battery. The function of this battery is to re-
duce tho concentrations of the fission products and plutonium associated
with the uranium recovered from underground storage to levels low enough to
permit further processing of the uranium at Hanford and at off-gite facili-
ties with no more elaborate radiation protection procedures than are needed

wg;:fms naturel wenium. o
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.. Virtuelly all of the decontaminetion is achieved in the RA Colum,
where the product uranium is purified by extracting it intc the orgenic
{(TBP plus diluent) phase while the bulk of the fission products and plu-
tonium remmin in the agueous phase. A smell additional amount of decon-
tamination is alaso effected in the RC Column (over-all D.F.'s in the renge
of 3) vwhen "irreversibly extracted" fission products {see below)} are pre-
sent., .

so6

The bulk of the RA Column decontaminetion is effected at the top of

" the extraction section, where lees then 1 per cent .of the fission products

and 10 per cent of the plutonium (reduced to the relatively inextractable
(II1} valence state by ferrous ion in the aguecus phase) are extracted
-into the organic stream along with the uranium. This organic stream then
passes into the scrub section where additiomal decontaminetion is carried
out by scrubbing the @scending organic streem with a highly salted (2 M

" nitric ecid)} aqueous stream which also contains the ferrous ammonium sul-

fate and sulfamic acid required for the reduction of plutoniim. The scrud
stream is highly salted to minimize stripping (and hence intermal refluxing
in the columm) of urenium.

The radioactive fission-product constituents associated with the
urenium feed are discussed in Chepter II. The chemistry of these fission
products and plutonium, and their phese distribution ratios at TBP-process

. conditione are discussed in Chepter IV. The relative inextractability

into the organic phase of plutonium (III) end the fission products (organic/
aqueous distribution retios below 0.1 for most species) is the fundamental
property which enablee their almost quantitative separation from wranium

in the RA Colum.

Decontamination of uranium from plutonium and fission products by

-the TBP solvent-extraction process has been successfully demonstrated by
- many experimental studies, including (a) laboratory batch-extrection
studies conducted at Eanford and Osk Ridge end {b) "hot" pilot-plant pecked-

column studies at Oak Ridge (processing approximately 3-1/2 year old Eanford
sludge and supernate). In addition, decontamination of wanium on & pilot-
plant scale has been successfully demonistrated in mixer-settlers, packed
columns, and pulse colums for other processes (Purex and "25") utilizing
diluted TBP as the solvent. These studies were conducted at the Argonne and
Oak Ridge Nationel Laboratories and at Knolls Atomic Power Iaboratory.
Selient performence data from TBP-process decontamination studies and the
Purex-process decontamination studies utilizing pulse columns are presented
in Subsection DU, below. .

2. Tesgign Basis for Decontemination

At the time of the expected start-up of the Uranium Recovery Plant
{January 1952) the radiocectivity levels of the combined sludges and guper-
nates from undergrownd storage will range from apRroximately 8 x 1077 to
7 x 10°2 "countable" beta curies and from 2 x 10°F to 3 x 1072 "countable"
gemma curies per gram of urenium. The actual combined radioactivity level
ir. each series of cascade tenks is dependent upon the irradiation and
"cooling" history of the wranium. Tentative specifications for the re-
covered uranium allov & radicactivity level of 1 x 10-7 beta curies and

w4 DECLASFED e
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5 x 108 gatma curies per gram of uranium (approximetely 30% and 300% of
the radioactivity of naturel uranium, respectively). The TEP process has
been designed to recover uranium aged et leest two years or longer. The
2-year, or longer, "cooling" time is necessary to allow the fission-product
radioactivities (notebly Ru and Zr) to decay to lower levels. The decon-
tanination factors required to meet the tentetive specifications when pro-
cessing two-year-old waste containing uranium which has-recaivgdugn inte-
grated exposure of LOO Mw.-days/ton over 350 days are 7.5 x 10% and 2 x
10% for bete and gamme respectively (countable curie besis)., The required

D.F.'s are smaller for wastes aged over a longer period,

The underground storege tenks also contain up to approximetely 4 x
10-6 grems. of plutonium per grem of uranium. Since the mexinmum permissi-
ble concentration of plutoniim in recovered uraniung is tentatively set
at 1 x 10-7T grams per gren of uranium, the over-all plutonium decontami-
netion factor must be approximetely 4O,

Experimental studies heve shown t ura?ium n2y be decontanminated
from figssion products by as high as 10™ to 10/ and fron p%u;?nium by a
factor of at leamst 40 in one TBP solvent-extrection cyele(23),

3. Mmses Trensfer (Scrubbing) of Fission Products and Plutonium

Normel mess-transfer concepts may be used to expleain the functioning
of the RA Column in the removal of plutonium end fission products with
lmown, reproducible distribution coefficients. Principles of mess trans-
for may also be used to calculate the nunber of equivalent stages or
transfer units required to attain any desired D.F. for a fisaion product,
group of fission products, or plutonium.

Iaboratory and pilot-plent decontanination performance deta show that
such an idealized approach is actually applicable to nearly all of the
fission products. Thus, &8s would be predicted on the basis of nass-
transfeor theory, decontamination factors for the RA Columm are of the
order of 104 to 105 (99.99 to 99.99% renoval) for fission products and
50 for plutonium. Hence, behavior of fission products and plutonium in
accordance with clessical nmass-transfer concepts is the rule rather taen
the exception. From 0.001 to 0.1% of the fission products in the RAF
renain in the RAU because of:

(a) insufficient height of the scrub section;

(v) distridbution coefficient wmlues unfavorable for stripping
(E§ in the range from 0.2 to 0.4); and

(¢) the so-called "inextractable" (or, more correctly, "unstrippeble"
or "unscrubbable”) behavior of certain fission producte, due to
complexing in the orgenic phese or formation of organic-
fevoring forms. In these cases, ES velues for the Fission
products are greater than 0.5.
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Although the fraction of the totel fission products in the RAF which
exhibits "inextractable" performence is small (generally 0.1% or less),
it is nonetheless highly importesnt because D,F,'s for recovered U (from
fission products) must be on the order of 10k, ‘ :

3.1 D.F. as a function of the distribution retio and the number of
scrub stages or transfer units '

The Colburn equetions,
Ng = log (1 -P)M+ Pl /log(1/p)
and. . )
N, = 2.3 1og'i(1 -P) M+ P}/(l - P),

(discussed in Section A, above) may be used to estimate the stage and
transfer wit requirements for fiseion. product and plutonium removal.
Figure V-9, which is a graph of the mumber of “over-all organic-f1lm"
trensfer uhlts in the RA Column scrub section versus decontamination
factor, has been constructed on the basis of the Colburn equations end

the asgumption thet the distribution retios of the fission products and
the plutonium remmin constant throughout the scrub section and at the top
of the extraction section. This assumption is approximetely correct for
most individual fission products end for plutonium. Thus, Figure V-9 may
be used to estimate the number of RA Column. scrub-section stages or trang-
Per units for an individuml fiseion product or plutonium if the distribu-
tion ratioc is lmown. Conversely, the greph may be employed to calculate
the decontamination factor for an individual fission product or plutoniim
in the RA Column if the distribution ratio and number of stages or trens-
fer units are ¥nown. The aasumption required for the use of Fig. V-9
(thet the distribution ratios of the fission products rewain constant at
the top of the extraction section and throughout the scrub section) is not
correct for groups of fission products and individual "inextractable" fis~
sion products whose apparent distribution ratios increase at each stage

in the scrub section. Figure V-10 containe two graphs, also based on the
Colburn equations, which are plots of the extraction-section and scrub-
section D.F.'s versus the distribution ratios for an RA Column with a
scrub section equivalent to one theoretical stage or three "over-all
organic-film" trensfer units. These graphs may be used to estimate the
over-all RA Column decontamimation factor for individual "inextractable”

 f£ission products or groups of fission products whose apperent dlstribution

ratios are known for both the extraction sectlion and for one scrub stage
or three scrud transfer units. Semple calculetions for voth Figures V-9
end V-10 are given below. :

Tt will be noted that some decontaminetion occurs with no stages or
trensfer units in the serud section. This initial decontemination is @
conssquénce of the fact that the organic feed to the scrub section has been
contacted with an equeocus phese, RAFS, containing approximetely two thirds
of the RAF concentrations of fission products and plutonium. The organic
feed to the scrub section hes therefore already wundergone congiderable de-
contaminetion due to the highly aqueous-favoring distribution coefficlents
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of the fission products end plutonium (most of the fimsion products aid
rlutonium remain in the aqusous phese) in this part of the extrection
gsection. : : : : -

‘The uge of Figure V-9 may bYe illustrated with two calculations show-
ing the determinetion of (a) the number of "over-all orgenic-film" trans-
fer unita or stages required to attain e given D.F. for an individual
-Tission product of imown distribution retio (Eﬁ), and (b} the D.F. ettained
vith a set mumber of transfer writs for e given fisaion product with a
known . ’ ’ ' . h

(n)} Let 1t .be assumed that the Eisaion Product has an Eg of 0.01,
the required D.F, i8 2 x 10 » énd it is desired to determine
both the mumber of stages and number of trensfer units re-
quired. Reading on the left-hand vertical Bcale (Fig. V-9)
up to DJF. = 2 x 10" and acroas to Ey = 0.01 (rediel paremeter
line), it is found (on the obscissa) that approximately &
transfer uwnits are raquired. As may be read Irom the theoreti-
caAl gtage porameter line, this corresponds to gbout 2 theoreti.
cal gtages. - -

(b) Iet 1t be assumed thot the Tission product has an E§ of 0,01,
there are 5 transfer units in the serub sgction, end it is
desired to determine the D.F. ettained. Reeding on the lower
horizontal scale over to 5 trangfer mits end following the
vertical line at 5 up to its inmtercomt with the = 0,01 line,
one finds the intercept to bg 7 x 103 (D.F. scale). The D.F.
attained is therefore T=x mg Similar ealculntions ey also
be méde when the mumber of gtages is lmown.

The use of Figure V-10 may be i1llustrated with a calculation showing
the determination of +he D.F. atteined with one thgoretical stage for e
group of beta-emitting fission products whose extrection section and
- Berub: section apperent distribution retios (Z8) are known.

Let it be aesumed that tﬁis group of beta-emitting fisaion products
hag. an eprarant Eg of 8 x 10*% in the extraction section end 7 x 1079
in the scrub section and it &s desired to determine the D.F. attained,
Reading up from Z§ = 8 x 10™* on the extraction-section greph, one finds
the intercept on the extraction section D.F. scale to be 750. Reeding
UuD from By = 7 x 10-3 on the scrub.section graph to its intercept with
the one theoretical stage line, one finde the intercept to be 29 (scrub-
Section D.F. scale). The ovor-all RA Column D.F., es determined by, the
equation given on the Figure, 18 then (750)(29) - 29 + 1 = 2.2 z 10%,
The last two terms of this equation, which correct for fission-product
reflux from the serub Section, were nogligible in this case, Similar cal-
culations may elso be made for three scrub-section transfer units.

3.2 The "irreversible" extraction of somp fission products

It hag been obeerved in laboretory and pilot-plant studies thet cer-
tain fission products s OF ~=- 88 i8 more often the case -- small fractions
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of certain f£ission products, under some conditions extrect initielly into
the ‘orgenic phase end cammot be subsequently scrubbed back into an aqueous
streem. Such "irreversible” extrsction behavior hes been explained in
torms of two mechanisms, both of which undoubtedly occur to some extent In
the TBP process.

One of the possible mechanisme is the formetion of an organic-favor-

ing complex compound of the fissiom product in question with somes other

solute. Zirconium may be thus. complexed by DEP (dibutyl phosphate),
formed by the hydrolysis of TBP. Other complexes may be aettributeble to
unknown impurities. Because of the extremely low concentretions_in which
the individual fission products ers present (on the order of 10~2 to 10°
M in the RAF gtreem) & very low concentration of complexing agent could
be effective. : '

Another posgible mechanism is the presence of certain fission products

in more then one chemical form, some with low end some with high distribution

ratios. While it has not been proven that this is the reeson why a small
fraction of ruthenium is "irreversibly" extracted under TEP process condi-
tions, it has been found in the Redox process that ruthenium exists In
several solute species, at least one of which has a distribution ratio
greater than 1 and thus is extracted into the organic phase with urenium.

Anelytical results from Osk Ridge pilot-plant runs (see Table V-2)
indicete that small fractions of both the Ru and Zr present undergoe "irre-
versible” extraction in the TEBP process. Solvent treatment procedures
used in the T3P Plant should, however, help to minimize this phencmenocn.

4.l Iaboratory betch studies

"Hot" laborstory-scale betch experiments, umder conditions simuleting
these of the procesa, have been extensively used in the study of the de-
contemination performence of the TBP process. - Iaboratory countercurrent
batch studies have given good checks of column performance and thus have
provided a useful means of obtaining quantitative indicetions of the
effects of various independently controlled factors on process deccontami-
nation performence. Some illustrative laboratory countercurrent batch dF 's
for simulated RA-RC Column conditions are tabulated below:

Approx.
Source of _Ags of No. of Sta~es dar

Feaed Foed Ertn. Sermib Strip. Jeta Gammn Pu
Studge(22) 4.5 yr. b 1 - h.s5(a) 53,3(8) 1.4(e)
Siudge(24) 3.5yr. 5 4 5 5.5 5.8  0.3(b)
Simulated cur- 90 days 5 4 5 4.3 bo  1.0(0)

rent waste(24).

Supernata (2%) 3.5 yr. 5 Y 5 4.5 (¢) (c)
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Notes: (a) RAU &@''s. (All other 4¥'s in above table are for RCU.)

(b) No Plutonium reductent was used in these experiments.
{c) ‘Not reported.

_ In all ceses the product streams from the above extractions met the
tentetive specifications for bata. end gemms radicactivity.

L.2 Pilot-plant gtudies

. Pilot-plant studies of the decontemination perfeormance of the TBP
prccees vere carried out in pecked coliumms at Oak Ridge National Iabora-
tory. No pilot-plant date on the decontaminetion performence of pulse
colunns operating under TEP process conditions have been obtained. How-
ever, "hot™ pulse column runs have been mads at Oak Ridge on the Purex

:"f‘ process. The Purex process is designed to recover both urenium and plu-
e tonlum from pile-irredisted uranium and, like the TEP process, utilizes
= a TBP-and-diluent extractant. TRP process decontamination performance
CAS may be expectod to be roughly squivalent to thet of the Purex first cycle.
Toud - Equipment sizes for these studies were as follows: N
b 1
e , Typs of Packegl®) o
Process  Columm Runs Colurm Diem., In. Height, Ft.
TBP Packed HS-3, 5 RA serub 1.5 10
extn. 1.6 12.5 S
RC 2.5 18 o
TBP Packed HS-8, 11 RA scrwp 1.6 5
o BW-1, 2 extn.. 1.6 17.5
RC 2.5 18
TEP Packed  HS-15 RA scrub 1.6 0 ,
: extn.. 1.5 22,5
RC - 2.5 18
Purex Pulse IHp-5 IA serub 2 12.5
. extn. 2 1.5
~ IB extn.. 2.5 11.5
" scrub 2 6
_ _ Ic 4 1z
~ Purex Fuse 1mPE8,9 1o sorudb 2 18
S extn. . 2 12
IB extn. 2.5 ‘18
. serub 2 8
Ic L 1z .

Notet '(&)A".T:B'P‘ process pilot-plant columns packed with 1/h vy 3/8-in.
- . - .split Reschig rings. Purex pulse colurns "packed" with -
. ..." . . perforated plates with 1/8-in..diem. holes » 23% free aree,’

2-in. spacing.
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The decontemination factors obteined in some of these studies are sum-

marized briefly below.

A somewhat more detailed summary is presented in Table

vV-2. Table V-2 includes some dF's for those individual fission products (Ru,
Zr, Nb, Sr, and Cs) which are important because one or more of them generally
control the gross fission-product decontamination factors obtained.

TBP Process Pilot-FPlant dF's
(Age of feed spproximately 3.5 years)

Product Uranium

Initial Feed Radicactivity,
Redicactivity(c) % of the
RA Column Beta Gamma Radiocactivity
Type Scrub Ssct. €o.Min. Mv, RCU Stream of Watural
of Packed Mg. Us Mg. U dF's Uranium
Run Fesd .  Height, Ft. (x 1077) Beta Gamm _Beta ~_Gamme
HS-3 EW Supernate 10 3.5 145 4.5 L.7 10 50
A5-8 HW Supernote 5 2.2 100 4.5 4.5 10 50
HS-5 Simulated 10 1.3 59 L.5 5.0 ) 10
Sludge and
Supernate
ES-11 Simulated 5 1.2 52 L.k L4 5 Lo
Sludge and
Supernate
HS-156 Simulated 0 1.1 61 3.5 4.0 ho 120
S1ludge and _
Supernante
HW-1 BW Sludge and 5 8.5 b9 5.0(b) 4.0 10(0) 230
Supernate
EW-2 HW Sludge and 5 6.4 57 4.,5(P) 3.6 30(P) 90
Supernate
Purex Process Pilot-Plant dF's
‘(Age of feed approximetely 0.l years)
Initial Feed RCU Radio-
Rodicactivity(c) activity, % of
IA Columm Beta Garme Radioactivity
Source Scrub Sect. Co./Min. Mv. RCU Strean of Natural
of "Packed" Mz. U_~ Me. [§ dr's Uranium
Run Feed Height, Ft. (x 1077) Bota Gomre Beta ganma
IEP-3 ORNL Slugs 12.5 8.1 685 k. 3.5 35 3.5x103
IHP-8 HW Slugs 18 o  1.05z10% 4.4 3.8 700 3.5xloh
IHP-9 EW Slvgs 18 152 l.5xlo k.5 3.5 500 hxioh
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Notes: (a) Pu d&'s ranged from 1.6 to 2.4 for ell runs in vhich
2 Fu reducing agent wns added to the RA Column scrub
or feed atreens. :

(b) The beta radiocactivity level of tho RCU strean was
higher than for the RAU strean during runs EW-1 and
H¥-2. This is believed to have resulted fron entrein-
nent of aqueous phese along with the RAU. Beta dF
and product uranium beta radicactivity figures are.
based on the RAU insteed of the RCU.

(¢) Beta counting geouetry was epproximately 11%, The
radicactivity of netural uranimm under these counting
conditions is approximetely 80 beta co./(nin.)(ng. U)
and 0.005 gammd my. fwg, U.

Results of the TBP-process racked-column runs tabulated sbove indicats
little advantage in increesing the RA Columhn scrub section packed height
over 5 f%.

It is believed that the Purex Process gamma dF's &Are lower than for
the TBP procese because the feed contained higher concentrations of diffi-
cultly-extractable short half-life gemma -emitting fission products (such
a8 45-day Rul03), due to the much shorter feed "cooling" tims.

The Purex process IA Column requires e greater scrub secticn height
than the TBP prucess RA Column mainly because of the higher TEP content
of the extractart streem (307 TBP for Purex as compared to approximately
12.5% TBP for the TRP process). This incresse in TBP content of the ex-
tractant effectively raises the fission-product distribution ratios to a
degree where a much greater Scrub-section height is reguired for the Purex
Yrocess to achieve a decontamination performance equal to the TBP rocess.

The uraniim product (BCU’stream) from the TBP process rung was within
"the tentative specifications for beta and gamma activity, except for Runs
HW-1, BW-2, and H3-15. The RAU streams wers within the specifications for
both Runs HW-1 end AW-2, and it is believed the RCU was contamineted with
entrained agueous phese. Run HS-15 demonstrated that adequate decontami-
nation is not quite atteinable without & scrub section, The tentative
allowable plutoniim content Specificetions were met in all runs listed,
except for Rum HS-3, where no reducing agent (to reduce Plutonium to the
relatively inextractable (IIT) valence gtate) was added.

RAU dF 's for the THP rma, as tebulated on Table V-2, increase with
an increase in feed activity. This is believed due to the facts that the
radicactivity of the RAU Prom the low-activity runs was close to back-
ground levels and that thers is an épparent difficulty of removing the
last traces of "radicactivity regardlcss of sterting activity.

It m#y be noted from Table V-2 thet RA Colum Zr dF's for the TBP
runs range in the neighborhood of 1.7, while Purex process TA Colum dF's
are in the range of 3.2 to 3.5. The higher Zr &F's for the Purex rme
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are believed due to employment of & sodium carbonete solvent-washing pro-
cedure during the Purex runs (i.e,, it is believed that Zr was complexed
by & solvent impurity during TEP process runs). These data emphasize the
importance of maintaining effective solvent tremtment procedures in the
TEP Plant. '

For Hanford aged uranium wastes the dF's required in the TBP Plant

solvent-extraction battery in order to meet the tentative product radio-
activity specifications vary with age and irrediation history as followa:

Approximate dF'e Required in Solvent-Extraction

Age of For 200 Mw.-Days/Ton U For_LOO Mw.-Deys/ion U

Waste, Years Beta Gamma Pu Beta Garma Pu
0.25 (i.e., 90 days) -- - -- 5.8 5.8 1.6
‘ 1 5.0 k7 1.3 5.2 b8 1.6
2 4.5 h.1 1.3 k.9 h.3 1.5

b b2 3.7 1.3 bk b0 1.6

8 3.9 3.5 © 1.3 k.2 3.9 1.5

The TRP process pilot-plant data summmrized above and in Table V-2
indicate that the required & 's cen be met in the TBP Plant if the feed
solution is at least four years old. It is believed thaet with adequate
solvent ';reatment procedures and good steady-stato operetion the decontami
nation performence of the TBP Plant solvent-extrection battery will be good
enough to meet the tentative specificotions when processing 400 Mw;-day/ton
uranium "cooled" for as little as two years. Possible chenges to the TEP
procass which mey holp to improve decontamination performance but ere not
presently planned for plant use ere (o) sddition of selective fission-
product complexing agents, (b) operation with the TBP extractant at &
higher per cent uraniun saturation, and (¢) addition of "heed-end” or
"tail-end” treatuent facilities for Zr and Ru removel.

5, Development of the BA Colurm Scrub-Section "Packed" Height

The specified plete-section height (3.2 ft.) of the TBP Plant RA
Pulse Coluwrm scrub-section is based primarily on the S5-ft. packed scrub-
section height found satisfactory on the Omk Ridge TBP process pilot-plant
RA Column. Scale-up data indicate that the 3.2-ft. scrub-section height
in & 20-in.-diameter pulse colurm should equal or exceed the mass-transfer
performance of 5 £t. of Raschig-ring pecking in & 1.5-in.-dianeter packed
columm. '

Considerstion of the stage requirements for represcntative scrubbing
duties employed in conjunction with fission-product H.E.T.S. estimates
for the RA Column scrub section supports the adequacy of the 3.2-f%.
scrib-section height errived et as described ebove. The table below
lists distribution ratios for conditions approximeting those of the TBP
process of the importent fission producte and plutonium, &s estimated
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from deta in Chapter IV. These values are intended as representative
enly, because, as indicated in Chapter IV, the values vary considerably
with changes in per cent saturetion of the solvent with uranium and HNO3.
Also listed in the table are the dF's which cen be echieved in an RA
Coluwm containing one equivalent stage in the serub section, as cbtained
from Figures V-9 and vV-10.

Estimated Eg - dF for RA Colurm
Extrection First with One-Stage ~
Component Section Scrub Stage Scrub Section
Ru 0.00028 0.019 b
Zr 0.0029 0.011 3.5
Nb 0.000k 0.000k 5.9
Ca 0.0004 0.0004 5.9
All other fis~" <0.001 <0.001 >5.0
sion products '
Pu(III) 0.05 0.05 1.7

A TBP-process extraction cycle realizing the dF's listed above would
deconteninate LOO-Mw.-day/ton urenium westes aged 2 and 4 years to the
following fission-product radiocactivity levels and plutonium concentra-
tions:

Per Cent of the

Radicactivity
"Countable" Curies of Natwal
Age of Feed, Per Grenn U Uranium Pu,
Years Beta Garma Beta Garma G./G. U
2 leo'g 1x10-8 18 60 7x10'g
4 2x10” 5x10“9 6 30 7x10"

Values in the above table exceed the tentative specificeations for recovered
uraniwm. Purex process atudies conducted at Oak Ridge have indiceted that
the 2-in.-dianeter pulse colurm H.E.T.S. for decontenination from fission
products is approximately 2 £t.(28) Thus the 3.2-ft.-high scrub section
in the TBP Plant 20-ft.-diam. RA Colurm should be equivalent to one or
nore scrub stages providsd the scale-up factor for the H.E.T.S. does not
exceed 50% as the scrub-section diameter is increased fronm 2 in. to 20

in,

E. LOCATION AND USE (F EXTRACTION CCLUMN STATIC AND DIFFERENTIAL
PRESSURE INSTRUMENTS

1. Function of Pressure Instriments

A bubbler-type pressure instrument has bheen provided on each RA and
RC Column for the purpose of neasuring the appearent density of the column
contents. The dip tubes of a three-tubs bubbler-type differential
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pragsure instrunent are located near the top in each colwmn for measurement
and control of the interface position (between the lower peir of tubes)

and measurement of the orgenic effluent streem density (between the upper
two tubes).

The static pressure instruments serve to provide an indication of
incipient flooding.

Interface measurement end control are treated in Chapter XIX.

The organic effluent density gives, under certain conditicns, an in-
dication of the epproximete uranium concentration present in the organic
effluent, thus providing an indirect clue &z to possible high uranium
losses without the necessity of awaiting a laborstory anslysis. Such con-
tinuous detection permits eerly correction of the offending off-standard
operating conditions,

2. Location of Dip Tubes

The static and differentisl pressure dip tubes are connected to in-
strument air by connectors on the tops of the RA and RC Colums (see
Chapter XV). TFrom the connector the three differential pressure dip
tubes extend through the top of the colurm td teruinete at 6-in. depth
intervals at the top of the column. The top dip tubes of the RA and RC
Colurms terminata 30-5/16 in. and 29-11/16 in., respectively, below the
connector nozzle on the top of the colum. The static pressure tubes for
the RA' and RC Coluxms, which extend from a counnector on the tep of cach
colimn down the outeide shell of the colurm, terminete in the enlerged
bothom-end sections. The tubes for the RA and RC Columns terninete 2 in.
and 1 in. above the bottom of the enlerged bottom-end sections, respec-
tively.

3. Effect of Flow Rate on Colurm Apparent Density

Studies have been made in packed Redox pilot-plant solvent-extraction
colurms to determine the effect of increesing countercurrent flow on the
pressure measured et the bottom of the colurms. These studiocs (see
Chapter V of the Redox Technical Menusl, HW-13700) indicate that the ap-
parent density of the colum contents gredvally decrceses with Increases
in the colum throughput (sum of both phasea) until incipient flooding
conditions are reached. At this point the apprerent density decrceses
more raplidly with increases in flow rates.

Trends similar to those exhibited by the Redox columns have been ex-
hibited in simple TBP process pulse columm studies. In Hanford Works
pilot-plant studies on en 8-in. simple RA Pulse Column,the apparent den-
sity of the extraction section was found to decreage from an average
.density of approximately 1.20 g./ml. at & colurm throughout of 500 gal./
{hr.)(sq.ft.), sun of both pheses, to an average density of epproximately
1.15 at approximately 2000 gel./(hr.)(sg.ft.). For the reported runs
the amplitude-frequency product varied from approximately 50 to T0
(in.)(cycles/min.), with emplitudes varying from 0.5 to 1,0 in. In 8-in.
and 16-in. pilot-plant RC Pulse Column runs the average epparent density
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decreased from approxinately 1.0 at 500 gal./(kr.)(sq.ft.) to approximately
0.90 to 0.95 at 1000 gal./(hr.)(sq.ft.). For the reported RC Columm rums
the anplitude-frequency product varied from 35 to 56 (in.)(cycles/nin.)
with amplitudes varying from 0.5 to 1.0 inch.

Studies were not made on dual-purpose RA Pulse Columns to determine
the effect of increased flow rates on apperent column densities.

4. Detection of Flooding

As indicated in the preceding subsection,a sudden decreese in the
apperent demsity of the Redox packed colums has been demonstratsd as
the columns epproach incipient flooding.  In three pilot-plant runs in
an 8-in,-diemeter RC Pulse Column, the averege column apparent density
decrsased below 0.90 g./ml. when flooding occurred. Direct studies de-
monstrating the RA Column apparent density-flooding relationship have not
been made, but the RC experience is qualitatively applicable.

5. Effect of Uranium Losses on Orgenic Effluent Density

The urenium concentretion of the organic plmse at the top of the
colunms, measured by the top two differential pressure taps, may be used
to detect gross differences in uranium extraction within the columns
caused by major changes in operating conditiona (e.g., column streams
shut off or considerably out of specifications). However, gince the
minimum detectable chenge readeble on the differential pressure instru-
ment (0.02 in. of water) corresponds to a uranyl nitrate compos:tion
change of approximetely 0.0l M in the orgenic effluent, the demnsity dip-
tube reedings provide an indicetion of only very unusually high urenium
losses (about 10% or more). ‘

F. SPECIAYL PROBLEMS

The expectation of continuous satisfactory verformance of the TEP
FPlant solvent-extraction colimns over long periocds is based on hundreds
of hours of trouble-free operation in pilot-plant studies. This section
Summarizes experimental informstion on "inextractable" uranium, "red
0il" (an oily residue from solvent decomposition), and emulsification
difficulties encountered in early pilot-plant runs. In excertional
clrcumstances, such effects mey give rise to ancmalous column behavior.
Normelly, however, such effects occur only to a harmless extent.

1. '"Inextractable" Uraniim .

"Inextractable" urenium (or more properly, "unstrippable” urenium)
is urenium which is retained in the organic phase by complexing agents
not present in pure solvent. In the laboratory the presence of "inex-
tracteble” uranium in solvent is thus revealed by dilute RC urenium dis-
tribution coefficients (Eg) as high as about C.05 or even higher, whereas
the distribution coefficient of Pure solvent is below 0.002. In the plant
operation the presence of "ipextractable" wranium would caeuse higher
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waste losses from the RC Columm than would be obteined using purs solvent.
In eddition to this effect, in the RA Column the complexing agents may
inecrease the extraction of plutonium and fission products by factors which,
on egidence of some O.R.N.L. laboratory studies, may bs as high as 10
to 20 =

Such distribution-coefficient and loea sffects were noted in the early
pilot-plant runs mede with solvent whiclhi had been contaminated by solvent
decomposition products (in the form of "red oil"). The sinmiler adverse
effect of "red oil" (discussed under F3, below) and dibutyl phosphate (a
decomposition product of tributyl phosphete) on the dilute RC uranium dis-
tribution coefficlent indicetes thmt this compound is probebly the main
egent responsible for the formetien of "inextracteble" urenium.

In the THP Plant undue losses and low decontemination factors result-
ing from complexing egents are avoided by the solvent treatment procedures
outlined in Chapter XI (washing out aolvent impurities vwhich are complexing
egents) .

2., Fmulsification

-

An emulsion mey reault from the intimate intermixing of two pheses of
low interfacial tension,

In the TBP aystem emulsifying tsndencies have been shown by solvent
decomposition products and, in the Redox system, by silicious materials
derived from the Al-Si slug-bonding layer. Thus in the early TBP pilot-
plant runs it wes observed that introduction of solvent decomposition pro-
ducta (as "red oil") into the system was followed by reductions in the
colum flooding capacities of as much as 30%, which were related to in-
creeses in the emulsification tendencies of RA and RC systems. In the
Redox system, reduction in the interfaciel tension between the phases
sufficient to cause emulsification resulted from & IAF silicon concentra-
tion of 50 p.p.nm. but not from 30 p.p.m. A single TBP pulse column run
was carried out with approximately 9 p.p.n. of silicon (fron slug coating-
renoval solution) in the RAFS without any increese in emulsifying tenden-
cies being observed.(20) The results of this test do not exclude the
possibility that emulsifying properties would be shown by silicon in the
TEP systam in concentrations on the order of 50 p.p.n. in the RAF.

The irmediete effect of & severe enulsion on column operation is the
carry-over of aqueous phase in the organic effluent and erretic operation
of the interface control instrument. If sufficiently sovore, such condi-
tions could increase fisgion-product contanination of the orgenic effluent
of the RA Colunn and could also increase ureniun waste losses.

Provision has been mede in the TEP Plent to mininize or avoid the
effects of the two emulsifying meterials mentioned above. Small asnounts
of silicious meterial in the form of perticles, derived from the Al-Si
slug bonding layer or from sand blown into underground tanks, are removed
in the feed (RAF) centrifugation stev. The solvent treetment procedures
outlined in Chapter XI prevent the accunulation of euulsifying impurities.
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3. "Red 0il"

"Red o0il"” is & complex mixture of nitrated organic compownds, uraniun
butyl-phosphate conplexes, orgenic residuss from RAX, and probably nono-
butyl, dibutyl, and tributyl phosphates. Physically it appeers as @
brown or red layer of organic uateriel. "Red oil" wes formed during con-
centration procedures peculiar to operations in the rilot-plant studies
conducted in the 321 Building, viz., concentrating RAW and RCU solutions
to conserve uranium and inorgenic salts for re-use in RAFS.

The conditions of the formation of "red oil" exemplify in extreme
forn the conditions under which solvent decomposition Ay be expected
to take place. Those conditions were tempcratures in excess of 105°C.
in the presence of relatively large auounts of boiling aqueous phase,
relatively highly concentrated in nitric acid (1 to 5 M).

The adverse effects of "red oil" on ureniwm stripping in the RC
Column and emulsions in both colurms were mentioned above under F2 and
F3. As discussed in Chapter XI, no coupletely satisfactory method of
renoving "red oil" from contaminetod solvent has been developed to date.
However, "red oil" is not expected to be encountered in TRP Plant opera-
tions because the solvent is not exposed to the deleterious effects of
high acidities at high temperatures,
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HW-19140

TABLE V-1
HOMENCIATURE

aquecus feed stream
aquecus scrudb stream
organic effluent stream
aquecus e"lient strean
organic extractant
organic feed stream (RAU)
aqueoua effluent strean
organic effluent stream
aguecus sxtractant

Pulse anmplitude, inches
= Diffusivity, 8q.1t. /hr.

Decontaminstion factor (dF = log)g D.F.}

Distribution ratie, g./1l. solute in organic phases divided by g./1. solute in aqueous phase. 22 is
equal to m axpressed in weight per unit volume units,

Pulse frequency, cyclss/minute

Jeifht of theoretical stapge

Jeirht of transfer unit

Enmilibrium constant

Voluwe “low of aquecis phase per unit time
Tlove of aquilibrium line; ay=/ax

:’.l/xg for axtraction an. Y]_/Ya “or strivning., If the extrantant contatng scluts, the values of M be-
coze (Il'Tx/m)/(Te-Yx/m) apd (rl-xxm)/(tg-x,a) for the extraction and stripping, respectively,

transfer units ror transfer across the organic film

"over-all orpanic-£{1n" transfer units for tranafer from the organic to the aquacus phase
"over-all aquecus~rilm" transfer units for transfer from the aquecus to the organic phase
theoretical sta~es ror artraction or atripping

extraction o stripping tranafer units

trensfer units for transfer across the aqueous rilm .
of the operating lize divided by the slope of the equilibrium lise. (L/a¥) for extrmstien

(1.e., the transfer ~rom 8queous to organic}, and the reciprocal (a¥/L) for stripping (1.e., the trans-
fer from organiec to aquecus ), ‘ .

Uranyl nitrate hexahydrate (M.W, = 50e.2)

Volume “low of srganic phase per upit time

7olume velocity In columa, snl./(hr.)(aq.ft.), sum of both phases

G.IMMH/1litar aquecus solution ;
G.M/Liter aquecus solution in equilibrium with organic phase with composition denoted l:ry‘!
G.UNH/liter organic soluticn

C.UNH/Liter organic solution in equilibrium with aquecus phase with cowposition denoted by X.
Tength of pulrs columm "packed" gection or cartridge

1, 2 « Concentratad and diluts-snd values, respectively for X and/or T

= Internediate wmlue of X op T, located betveen valuss of X or T with subscripts 1L or 2
= Concentration in feed strean : :
= Concentration in combined feed &2 scrdd strean

in scrub stream
in urmnium-bearing effiuent streas
in vagts strean

T.T.U, -
v -
1 =
m -

. M
2P = Humber of
oo = Nusther or
Mene = llumber of
ity = Humber of
Ty = Mumber of
Wy = Number of
P = The slops
T/ = Tons per day
VR -

V -
T.v. =
x -
x* =
T -
Y* -

4 -

ol = Viscosity
¢ = Denaity
Subscripts
i
T
s
s = Concentration
u = Concentration
w w» Concentration
x = Concantration

in axtmactant ltrenu_
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HTU. {Height of Transfer Unit}, Ft

Figure Y-3

HTU vs. PULSE FREQUENGCY

RA_COLUMN EXTRACTION SECTION

Source of Dato:

Flowsheet Conditions:
HTU. Cagleulations :

Extrapolated from HW-19170, Figs. 6,7,8,10.

« Diffusing Component UNH.

TBP-HW N2 4
Over-all Aquecus-Film Basis.

Column Inside Diometer: 20 In

Plate Section:

Pulse Amplitude :

Plates with 1/8 In Holes, 239 Free Areo.
Plates Spoced af 2 In. (Face to Face).
Height = 12 Ft.

.28 In.

0 01'4&9/ HW-19140

Legend : VV « Volume Velocity, Gal. /{Hr)(Sq. Ft), Sum
of Both Phases.
T/0.s U Production Rate, Short Tons U Per
249 Hr , Per Column.
30 v
' I
25 I -—l
Flooding Frequency: l
Jost. 1700 v.v. I —ios
2.0 ||_ at 1400 Vv, |
Lot 700 v v
I |
l I | —10.1
s I
| |
| |
—0.0l
1.0 I ——10.001
{Thc fraquency of the plom pulu} | —0.0001
I"—h gensrator may be voried within {
this range . j
o5 | |
| |
o I Lot I | I | |
o] 10 20 30 40 50 80 70 /o 80 100

Pulse Frequency, Cycles Per Minute
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Figure Y-4
HTU. vs. PULSE FREQUENCY
RC COLUMN

Source of Data: Extropolated from HW*IQI?O, Figs. 11,12,13,15,16.
Ditfusing Component. UNH.
Flowshest Conditions: TBP - HW N2 4,
H.T.U. Caiculations : Over-all Organic -Film Basis.
Column Inside Diometer: 30 In.
Plagte Section: Plates with 1/8 In. Holes, 239% Free Areq.
Plates Spaced at 2 In. (Foce to Face).
Height = 12 Ft,
Pulse Amplitude: 0.57 In.
Legend: V.V.2 Volume Velocity, Gal./(Hr){Sq.Ft.), Sum of Both Phases.

T/D.= U Production Rate, Short Tons U Per 24 Hr.,
Per Calumn,

30
|
—-— 2
|
|
2.5— i _
: | —os
- 2.0p— l
: | .
B
g I | I—-O.l d.\.-,
gL B
:-6 | Flooding Frequency: I l l | S
§ I at_870 vv ] | |+°‘°' E
E ) — ’ at 720 vV v, | - | £
z I at 360 v.v. | :LOIOOI
| Il
I {Tho fraquency of the planf} |
0.85}0— - ———-————— { puise generator may be \.{
I varied with this range. I
| | | |
S I I B R N R R R
o] 10 20 30 40 [+10] 60 70 a0 90 100

Pulse Frequency, Cycles Par Minute
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Sum of Both Phases

Gal./ {Hr.}{Sq F ],

Capacity ,

Flogding

Figure ¥-5

HW-12140

FLOODING CAPAGITY vs. PULSE FREQUENCY

RA COLUMN

Cource of Data. Interpolated from HW-I2170, Fig. 18,

Flowsheet Conditions: TBP-HW N2 4.

Zolumn Inside Diometer. 20 In

Plate Secthions: Plates with [/8 In Holes, 23% Free Area.
Piates Spaced ot 2 In. (Face to Face).
Height = 317 Ft..n Scrub, 12 F! in
Extraction Section.

Pulse Amplitude: 1.28 In
vi T 14
! / |
| ,I Fulsed Volums Velocity —13
3500 l / |
/
7 l —_ 12
|
|/ | "
3000f— /
| I
I
| T
2500 em— I — 9 <
]
-] g -
| | ;
[T
2000 I f -] 7 .
-
| | :
«
| Bl
1500 e The frequency of the piant ‘:’
I-s - 4puise gensrator may be varisd -l - 5 3
within this ranga. o a
| | —.>
1000 — I I
| I
300}— { I — 2
| ! 1
/A S Y NN Y S O R A
o] 10 20 30 40 80 60 70 80 €K 100

Puise Frequency, Cycles Per Minute

DECLASSIFIED



CITHOZ4

Al

Pt

5

H.T.U. (Height of o Transfer Umt), Fi

DECLASSIFIED ~ ww-10140

Figure ¥Y-7

HT.U. wvs.

VOLUME VELOCITY

RA GCOLUMN

EXTRACTION SECTION

Source of Dato
Diffusing Component:
Flowsheet Conditions:
HT.U. Calculations:

Column Inside Diometer:

Plate Section:

Pulse Ampiitude:

Extrapolated from HW-19170, Figs. 6,710,
UNH

TBP-HW Nt 4.

O'ver-all Aqueous-Film Basis

20 In.

Plates with (/8 In. Holes, 23% Free Areq.
Plates Spaced af 2 In (Face to Face).
Height= 12 Ft.

.28 In

U Production Rats, Short Tons/24 Hr.

3 0% 'l |ls L}
2 5p—— —
20
Y - |
Approximate Flooading I
Copacity at 2% Cye./Min
0S5pF—
o | 1 1.1 L1t 111} 1 1 11 l I 11 L1111 1111 L1
o} 500 000 1500 . 2000 2500 3000 3’00

Velume Valocity, Gal /Hr.)(Sq Ft }, Sum of Both Phases
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Figure ¥-|
OPERATING DIAGRAM FOR
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Figure ¥-6
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DECONTAMINATION IN THE RA GOLUMN

Effect of Fission— Product Distribution Ratic

HW-19140

Bosis: {a) Feed: scryb: extractant volume flow ratios=: Q. % 2.5. {b) Fission-
product distribution ratios in the portion of the extraction saction
ijust below the fead tes equat to those in the scrub section. (c)"Over-
all organic- tilm " transfer units in the scrub section.

Nomencloture: Eg « Distribution ratio in the scrub section, g. of £p. per liter of orgenic
phase divided by ¢. ot f.p per liter of oqueous phasae.
Ve Organic phase flow rate, volume per unit time

L= Aqueous phass flow rate in the scrub section, volume per unit time.
Px axtraction factor = EJv/L
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CHAPTER VI, SOLVENT-EXTRACTION PROCEDURE.
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CHAPIER VI, SQ;VENT-EKERACTION PROCEDURE

A, ENGINEER'S FLOW SKETCH

1. Iq;roduction

A brief over-all description of the uranium recovery process is
presented. in.Chepter I in comnection with the discussion of the chemical
flowsheets. The purpose of this chapter is to describe normel and off-:
stondard opercting procedures for the solvent-extraction portion of the
process, An engineer's flow sketch will be utilized in this description,
as well ns to indicate the process streams and equipment employed. The
reader is referrved to Chapters IV, V, XV, and XVI for detailed background
information on solvent-extraction process chemistry, process engincering,

and equipment.

2, Interprotation of the Flow Sketch

The engineer's flow sketch presented as Figurc VI-1 schematically
ghows the process streems and equipment for the solvent-extraction portion
of the uranium recovery process. This figurc indicates more of the de-
tails of the process than thc chemical block dingrams of Chepter I, but
less detail thon the englneering flow diagrams of Chepter XIv, 1In order
to indicete the connectlions between the fced concentration, solvent-ex-

- traction, and waste concentration steps, the equipment zssocieted with £l
three steps is shown in the engineer’s flow sketch. It will be noted thai
the flow pattern is such thet two porallel strooms {each nominolly hendling
5 tons of uranium per dey) proceed through the feed concentration eand sol-
vent-extraction equipment. The streams then join end ore processed through
one of three salternntive woste concentration batteries. The tanks, columns,
control equipment, ond streom flow ratcs nccessery to process 10 tons per
dey of uranium sre noted. Additional informetion covering such items &s
lubrication lines, electrical lines, connectors, and gpcre connectors may
be obtained from the engineering flow dicgrams in Chapter XIv. Exact
dimensions of process equipment may be found in the detailed mechonlcal
design drowings for the specific equipment picces,

B. NORMAL PRCCEDURE

1. Introduction

The principal equipment items of the solvent-extraction cycle are two
porallel pairs of pulse columns, RA and RC, for countercurrvent liquid-
1liquid extraction. The compositions and flow rotcs shown on Figure VI-1
correspond very closely to those prescated in the TBP-EA No. 4 Chemicel Flow-
shect (see Chepter 1) at a urcnium production rote of 5 tons per day in
ecch of the two parallel processing lines, The sntisfactory cpercting
range of the installed equipment, however, covers 4 much brocder range of
conditions ~s & result of the flexibility designed iuto the plont. Thus
it is pessible to opercte the vorious processing units, including the
pulse solvent-extraction columns, Over 2 range of uranium production rates
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from 2 to 5 tons per day without exceeding the allowable uranium vaste
losses.. ‘ '

2. Steady-Stéte Ooeration

The first (RA) extraction colum is & compound column consisting of
en extraction and & scrub section. In the extraction (1ower) gection of
the column, urenium and some fission products and plutonium are extracted
from the continucus agueous phase into the rising, dispersed organic Phase
(RAX). 1In the scrub (upper) section of the column, the rising ursniume
laden extractant is countercurrently contacted by a ecrub solution (Ras),
which scrubs the bulk of the fission products and plutonium from the dis-
bersed extractant. The influent and effluent streams involved in column
creration are as follows:

The aqueous uranium-bearing feed (RAF) 1s pumped through a recorde-
ing and controlling rotameter from the RAF Feed Tenk, TK-19-5, to an intere
mediate feed point, between the scrub and extraction sectionsg, of the RA
Column, ET-19-8. The agueous serub stream (RAS), contalning ferrous em-
monium sulfate as a reductant, sulfamic acid as a holding agent for the .
reductant, and nitric acid as a salting egent, is fed through a recording
end controlling rotameter to the top of the RA Column, The aqueous waste
effluent from the RA Column (RAW) should contain not more than 0.% of
the entering uranium. The rate at which this stream leaves the column
is controlled by the interface dip tubes located at the top of the column,
After being collected in the RAW Receiver Tenk, TE-17-7, the aqueous
weste 1s pumped under liquid-level control to the Posled RAW-ROW Receiver

Tank, TK-13-5,

The organic extractant (RAX), TBP-hydrocerbon mixture, is pumped
from the RAX Feed Tani, TK-20-6, through & recording and controlling
rotameter to the bottom inlet of the RA Column. fThe organic effluent,
RAU, leaves the top of the columm and contains the bulk of the uranium
from the RAF, together with a smell fraction of the original quantity of
fission preducts, It flows by gravity to the bottom of the RC Column,
ET-19-2,

The function of the RC Column is to strip the uranium from the or-
ganle into an aguecus Phase, This 1s accomplished by contacting the
dispersed organic phase (RCF) with a slightly ecidified aqueous stream
(RCX) introduced at the top of the column through a recording-control-
ling rotameter, The effluent TBP-hydrocarbon organic phase (RCW) leaving
the top of the RC Column should contein not more than 0.5 of the wranium
contained in the RAF, '

The RCW stream, after leaving the column, flows to the RCW Receiver
Tank, TK-9-~1, ond is then processed in the RO Column., The flov rate of
the effluent aqueous stresm (RCU) from the RC Column ig controlled by
the column interface dip tubes located at the top of the column., Thig
stream flows by gravity (through a flooded jet, which may be used to
empty the column) to the RCU Pump-Out Tank, TK-19-3, and is then pumped,,.
under liquid-level control to the RCY Receiver Tank, TR.16-1,
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A1l non-radioactive aqueous influent streems to the solvent-extrac~
tion battery are gravity fed from tanks situested in the "eold" section
of the TBP Plant (Bullding 201-U)., The "cold" orgenic influent gtream to
the solvent-extraction columm ig fed directly from the RAX Feed Tank,
m.-20-6 (located in Cell 20 in the canyon), '

Tt will be noted that flow rates of the RAF, RAS, RAX, end RCX streams
are controlled by recording-controlling rotameters. The flowrates of the
RAW apd RCU streams are controlled by interface 4ip tubes located at the top
of each column. Al these instruments are automatic, but can be operated
merually when required, e.g., when the equipment. is started up or shut
down. Differential and gtatic pressure recorders ere also provided on each
colurm as a means of detecting flooding conditions in the columns and as an
eid in the early determination of eny excessive uranium losses., A funce-
tional description of the instruments is given in Chapter XIX.

Auxiliary equipment shown on the sketches, such a8 strainefs, samplers,
jets, and pumps, ig described in Chepters XvI end XVII. ‘

3. Startup

The'preceding-diacussian has dealt with gteady-atate operation of the
columms. In order to svold unnecessary weste losses or &n off-standard
uranium strean in ectablishing steady-state operation, a startup procedure
similar to the following is employed:

(a) The TBP-hydrocarbon organic extractant (RAX) flow to the RA
Column is started, :

{b) As soon ag the RA Column is filled with the orgenic extractant,
the pulse generator is started, and the "cold" equeocus flow
(RAS) 1s established.

(c) 'The orgenic overflow from the RA Column f£ills the RC Column while
correct interface conditions are being reached in the RA Column.

(d) When the RC Column is filled with the orgenic phase, the RC pulse
generator 1s started, and the "cold" agueous flow (RCX) 1s estab-
lished.

(e) After the interfaces in the two columns have been esteblished, the
introduction of the.radicective feed (RAF) to the RA Column is
started. .
The control imstruments are manually operated while flows are being
increased or decreesed, tut when flows become steady the instruments are
shifted. to eutomatic comtrol.

ik, Shutdown

When the TBP Plant golvent-extraction columns are to be shut down, &
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" reversal éf‘the“above«ﬁenfibnédfsta&fupfpfécedure, as outlined below,
is- followed., Ve L Sy .

() The feed (RAF) to the RA Column ia shut off.

(b) Stripping uranium from the columns is then cerried out for a
s period of about. 10 to: 15 minutes. .It is estimeated that about
. 300 gallons of organic extractant will be required to extract
."the: uranium from the aqueous phase in the plent-gize RA Column.
With the flow rates shown on Figure VI-1, approximately 300 to
500 gallons of RAX will be ysed if stripping is carried on for
- -10 to.15 mimutes. Increasing stripping time will therefore be
. required if the solvent-extraction battery is operating at a
~uranium production rate lower then 5 tons per day (or, alter-
-natively, the RAX flow may be. increased at the begimning of the
stripping operation). ) :

(¢} After the colum 8tripping is completed, the RAX flow ig dise
continued, but pulsing and the addition of RAS is continued,
When the RAX flow ceases, the organic Phese normally dispersed
in the column graduslly rises to the top. This is eccompanied
by & temporary decremse in the aqueous effluent (RAW) flow
rate as the aqueous feed tekos up the volume previously oc-
cupled by the dispersed organic globules. As soon as the dig-
Placed organic phese is replaced,the interface level returns to

- 1%s normal position end the RAW flow rate resumes a value egual
- %0 the RAS flow rate. : S :

() The orgenic phase above the interface in the RA Column is dige
Placed by the continued eddition of RAS. This requires manusl
cperation of the interface controller in order to allow the
equecus level to rise above the normal control point. - Top
Phase disengaging section specific gravity readings, based on
the differential pressure between the top two of the three
differential-pressure dip tubes, provides an indication of
when essemtially 211 of the orgenic phase hes been displaced
from the column.

(e) RA Column pulsing end the eddition of RAS are discomtimued,

(£) Normal operation of the RC Column is continued until the flow
of RCF(RAU) ceases. -The sequence of events .in the RC Column
during this period is very similar to the operation of the RA
Column when the organic feed was shut off, That is, the organic

, materiel normelly present in the columm gradually rises to the
top. Simltaneously, the orgenic phase is replaced by the
aqueous influent (RCX). During this period the interface level
drops and the flow of aqueous effluent (RCU) decremses. After
the orgenic replacement has been completed, the orgenic-aqueous
interfece level resumcs its normal position, The nearly-normnl
RCU flow,.equal to RCX flow, is tiaen reestablished by the auto-
matic controller.,
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(g), The organic phese above the interface in the RC Column is dis-
placed by continued- addition of RCX. This 1s accomplished by
monunel operstion of the interface controller in the same manner
as described under (d), ebove,

(h) Pulsing of the RC Column end the addition of RCX ere discontinued.

(1) At this stage, both the'RA and RC Columns contain only "cold"
- "aqueous solutions. These solutions may be drained into the RAW

or RCU Receivers, respectively, by menucl menipulation of the
automatic lnterface controllers. ,

- If direct meintemance is required in the column cell ereas, it is
possible to introduce speciesl decomtamination solutions into the head tanks
for decontaminating the inside of a particular column or other "hot” equip-~
ment piece, Wall sprays are eslso available for cleaning the cell and the
outer surfaces of the equipment. ,

C. REMEDY'OF OFF-STANDARD CONDITIONS

1. Specificationa

Purity specificaxicns for the product of the TBP Plant and the per-
missible losses to waste streams have not been firmly established and prob-

- ably will not be until operation of the plant has made it possible to de-

termine the performance under normal running conditicr,s. Firm product

gpecifications ond the decisions as to when an off-gtendard streem is to be
reworked will be based on a balsnce among scveral comsiderations. The pos-
‘8ible deleteriocus effects of the off-specification material on subsequent
proceseing, the value of the uranium in off-standard woaste streams, and the
cost. of meeting the specifications by normel operation or by rework will be
major factors in the decision.

)At:this writing, tentative specificationg for decontaminated wranium
(RCU) are:

Inpurity Maximum Concentration

Bete radicactivity from 1 x 10~7 absolute curie/g.U
fission products

Gamme radiocactivity from 5 x 1078 ebsolute curie/g.0

fission products

Plutonium | 1 part/10% parts of U (0,1 p.p.m.)

Iron - 1 port/10° parts of U (1000 p.p.m.)

Sodium 1 part/103 parts of U (1000 p.p.m.)

ro,* , 2 parts/10° ports of U (2000 p.p.m.)

i, S; Mo, Cr, W, 84, B i part og each/lou paxrts of U (100
P.D.m.
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* THe maximum permissible total uranium'lbaaes;to'ﬂﬁé:aolient—éxtracﬁion

battery waste streams will be £insll
but will probebly not exceed about 2

¥ 8et after the pllnt is in operation,
-0% of the uranium in the RAF foed.

2. Detection of Off-Standard c'o:iditipz;s

During routine plant operation, it is expected that only three
streans leaving the Solvent-extrection cycle will be monitored by &nal-
ysis for off-standard conditions. Theése streems are the uranium effluent
stream from: the RC Coluimn (RCU), the fission-product-laden waste stroam |
from the RA Column (RAW), ‘and thé organic offluemt (ROW) from the BC
Column, After detection of off-standard conditions in an efflvent streem,
it will be necéssary to check systematically back through the possible -
sources of. error until the specific cause is discovered and corrected, o

Generslly, detection of en off-standard urenium or waste effluent

streem calls for en immediate check

of readings supplied by the instru-

ments for each columm, These readings includg; . . .

- (8} flow rates of all influent streems; -

.'i:(b)-'pressurc~readings-ffom‘the differential end étatip brésshré""
¢ taps (to detect possible flooding, or in some cases, high

uranium loss);

'-':(§)  épacificféravitica of influen#-streams;'

"(d) “radietion recorder reedings (if required).

Flow rates of all influemt process streoams to the TBP -columns &re
controlled by Hammel-Dahl diaphregm-coperated motor valves positioned by
Foxbore:recorder-controllers, Normal control of flow rates is autamatic
except during:periods of stertup and shutdown. If the flow rate of a " .
particular stream, as indicdated by the recorder, 1s suspected of being

incorrect, 1t is.possible to obtain
tank veight-foctor readings, - -

& cross-check by the use of feed -

The flow control, statie and differential pressure, and rediation
instruments are described in Chapter XTX. There are four dip tubes on -
each of the-RA and RC -Columns for indicating static and differentiml
prossures. - One of the dip tubes (the static pressure tap) 1s located
below the perforated-plate cartridge. The other three tubes in éach
column are located in a cluster (6«inch vertical spocing between the )
top end center tubes and S-inch vertical spacing between the center and
bottom tubes) just cbove the porforated-plate cartridge. The differ-

enticl pressure measurcd seress the
influenced primarily by the density
particulor column in question. Dur

top two of the three dip tubes is"
of the organic effluent from the
ing normol operation the aqueouge

orgonic interface level in the column is between the bottom two of the

three dip tubes, Thus, veriations

in the differentinl pressurs across

these two tubes will indicate a change in the interface lavel, - The
location of the static and differential Pressure tops on the solvent-

oo
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extraction columms and the. techm.cal besis of their use are discusssed in
Chapter V.

3. Use of Column Stetic and Differential Pressure Readings

3.1 Datection and. remedy of flooding

Flooding in the solvent-extraction columms is detected by the use of
remote instruments, because of the high radiation level of the process
solutions, Chief reliance for the detection of flooding is placed on the
static pressure readings for the column under consideration. At flooding,
there will be a drop in the static pressure reading as the lighter organic
(dispersed) phase tends to fill the columns, A secondary effect will be
erratic changes in aqueous effluent rate as the controller attempts to
steady a changing interfade by regulating the aqueous effluent flow rate,
The normal readings of the instruments will be known from calibration
during initiel column operation.

Generally, a flood in & colum is dissipated by reducing the influent;
stream flow rates and/ or the pulse frequency end then waiting until the
operation of the column is restored to normel. It should be noted in this
connection that if the pulse frequency is reduced too far (i.e., to a point
&t which the pulsed volume velocity is less than the volume velocity of the
combined column influent streams)the flood will not be dissipated. After
normal operation is established, the flow rates and/or pulse frequency mey
be returned to operating levels, If non-standard conditions (such as emul-
sification or plugging of the pi:cking) are the cause of f£looding, it may be
neceasary to shut the plant down until these conditions are remedied.

3.2 Detectlon of high uranium loss

The organic phase effluent density, as determined by pressure measure-
ments, gives an indication of gross uranium losses from the columma. In
the RA Column, a decrease in the organic effluent (RAU) phase density will
ususlly indicate that excessive losses are occurring. In tha RC Columm an
increase in the organic effluent (RCW) phase density, or an increase in
the static pressure at the base of the column, may give werning that ex-
cessive urenium losses are occurring. It should be borne in mind, thet
these pressure mcasurements also reflect changes in other varigbles, such
as urenium conceptretion in feeds, flow rotes, ENO, concentrations, ond
salt concentrations. Hewever, under normal steady=state operating condi-
tions,e fluctuction in the above pressures may give warning that uranium
loegses have markedly incrcased., A normal or special sample from the pool-
ed RAW-ROW strecms will provide & check on column cperation. A more de-
tailed discussion of the technical background for interpretation of column
differential pressure meosurements is comtained in Chapter V.

k. Rework of Off-Stondard Process Strenms

Any required rework of off-standard process streams in theTBP Plont
will normelly involve cone of the following two streoms:

—_— LSS T
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(a)  the pocled RAW~ROW waste streame-to recover excessive uranium
losaes; or

(b) the finol uranium product stream (RCU ) ento decontominate the
uranium from on excessive plutonium end/or fissionwproduct
content, :

Methods of reworking these off-stondard stroams are discussed below,

4.1 Off-gtendard waste streoms

Excessive uranium losses in the waste streams of either the RA or
the RC Columns sre ultimately detected and corrected in the same manner.
Due to the process flow involved in the TBP Piant, uranium lost in the
columns 1is combined in the Pooled RAW-ROW Receiver, TX-13-6 . Uranium
in the RAW waste stream flows through an RAW Receiver to this Tank,
Faulty operation of the RC Columm causes o uranium buildup in the RCW
(organic wnste) stream. The uranium is thonce transferred in the RO Columm
to the ROW (aqueous woste) stream. The ROW streem flows through an ROW
Receiver to the Pooled RAW~-ROW HRecelver, The combined RAW-ROW streom
flows to one of four Waste Sampler Tanks (TKe1l-1, 12-1, 12-6, er 13-1)..
The RAW Recoiver, ROW Receiver, Pooled RAW-ROW and Weste Sampler Tanks are
ell provided with scmplers. Under normol operating conditions » the fola
lowing uranium determinntions will be made.

. Semple Freguency
RAW Recciver 2 per week
ROW Receiver L per week
Pooled RAW-ROW Receiver 21 per week
Waste Sampler Tonk Uranium determinations mede only if

Pooled RAW-ROW Receiver anelyses
indicate high losses

If tho samples indicate an excessive quantity of uranium in the
Waste Sempler Tanks, the waste is routed to the Waste Utility Holdup Tank,
TK~4-6 , ond thence is reworked via the solvent-extraction cycle Feed
Tanks, The RAW and ROW strenms cannot be reworked separatecly.

No rework provisions arc made dircetly for excessive quantities of
urcnium in the RCW. Should this situntion develop, the uranium is strip-
pced from the orgonic phese in the RO Column, ond the waste stream (ROW)
1s reworked, if desirable s in the wastc rowork systom described above.

k.2 Off~stondard uranium product (RCU)

Off-stendard wronium streams thet do not meet specifications with
respect to plutonium comtent or dccontomination from fission products are
detected in either the RCU Receiver » TK-16-1, or the RCU Sampler, TK-15-1.
Disposition of this mcterinl is mede to the Foed Utility Holdup Tank,

=4=1, from which the off-standard botch moy be roworked through the
extroction eycle by blending with normnl feed.

DECLASSIFIED _—
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CHAPTER VII, CONCENTRATION OF RECOVERED URANIUM

A, FPROCESS QECRIP'I‘ION

1. General

Tt has been specified that the uranium end-product of both the Redox
and TBP processcs (3EU end RCU, respectively‘z ‘ge trensformed to the uranium
trioxide (U03) state for off-plant shipment.{3) The concentration of these
mixed wranyl nitrate (UNH) solutions to a degree satiafectory for charging
to the UNH Calcinetion Pots (see Chapter YIII) is described in this chapter.

Redax .3EU is normally concentrated to about 60% UNE by weight before
leaving the Redox Plent. In order to avoid confusion between concentration
states during discussion of the additional concentretion epplied before this
UNH solution is suitable for charging to the Calcination Pots, the partial-
1y concentrated 38U solution leeving the Redox Plant is designated in this
chapter as 3BT (concemtrated to 60% UNE).

RCU and 3EU (concemtreted to 60% UNH) ere mized and concentreted to
& uranyl nitrats concentration corresponding to sbout 80 to 100% UNH., As
discussed in Chapter VIII, the cencentrated product stream is fed to the
Calcination Pots,where the UNH is celcined to UOs3.

Tn this chepter uranyl nitrate concentrations ja solution are expressed
as per cent urenyl nitrate hexahydrate (UNE). This m3thod is merely & con-
vepient convention ami implies that if the solution were cooled to its
freezing point, UNH would seperate from solution as a solid phase.

2, Concentration

The UNH concentration of RCU will probebly range from about 5 to T% UNH,
reflecting variations in uranium concentration in the golvent-extraction
battery feed and the menipulation of other Column influent atream flow rates
to compensate partielly Por these variations, The design of the concentra-
tion system is based upon 2 54, UNH RCU since this represents the more con-
servative approach, The UNH concentration of incoming 3EU, which mixes with
the RCU, is about 60%.

The finsl UNE concentrotion renched in the system is sbout 100% URH
(exact figure to be determined durimg operation), During such a large
volume change the physical propertics of the golution choange merkedly. Re-
ference is made to Chapter IV for data on the urenyl nitrate phase diogram and
and on density, viscosity, specific heot, and ether properties, as & function
of temperature end UNH concentration,

The Product Eveporators (E-B-1, E-D-1, end E-D-2) are long-tube, vertlcal,
nptural circulation type cencentration units, They are described in detail in

Chapter XVI, A schemetic drawing of one of the Evoporators 1is presented on
Figure VII-1 and may be referred to for edditional clexrity in the following

peet . =-
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description. Briefly, dilute UNH solution entering the Evaporator mixes
with recirculated, more concentreted solution and rises through the wver-
tical tubes as heat is tronsferred to the solution from condensing steam .
on the outside of the tube wolls., The effective liquid level in a down~"
ccmer’ exerts a static pressure on the liquid at the bottom of the tubes,
As the liquid rises in the tubes some is vaporized, thus reducing the den~
ity of a unit volume of liquid-vepor mixture., As long as the total
pressure (duc to the weight of the contents of o tube and the velocity
pressure drop of the mixture rising through the tube) does not exceed the
static pressure aveilable at the base of the tubes, the wvapor-liquid mass
Jets upward into the vopor space of the Ivaperator. The vapor is sepa-
rated from the concentrated liquid, which returns to the bese of the Evap~
orator through a downcomer for recycle by blending with dilute feed or for
withdrawel as product..

Liquid deentrainment from vapor is cccomplisghed both by interception
of the liquid porticles on on impingement plate (which also acts as & focm
brecker) and by reduction of vapor vclocity, due to vapor expension, to a
point where settling of some of the liquid droplets con take place. Addi-
tionel deentroimment is gained by the sbrupt changes of direction of the
vapor as it posses through o Peerless Mist Separator (which consists of o
series of "Z" plate baffles) in order to reach the vapor exit line of the
Evaporator,

3. Nitric Acid Fractionntion

The totel amount of deentroined water vapor from the Product Evapo-
rators (E-B-1l, E-D-1, and E-D-2) contains epproximetely 1.5 to 2 weight
per cent nitric acid. Evaporators E-B-1 and E-D-1 vormally contribute

obout 96% of the totzl vepor volume, but only about 50% of the total vapore
ized nitric acid. Evaporator E-D-2 contributes the remeining 50% of the
pitric acld in only about 4% of the total vapor volume. Two Nitric Acid
Froctionotors (T-B-4 and T-D-4) are provided for separating the two chief
components of the vepor mixture (nitric acid and wetor vapor). The Froc-
tionators are described in detail in Chapter XVI,

The Fractionators may be operated with several variations in the
methods of feeding them. Normally, however, the entire amount of vopor
produced in Evaporator E-D-2 will be routed to Froctionator T-D-4 (through
& comngction irto the vapor space of Eveporator E-D-1), and all of the Lo%
nitric acid produced by the absorption of nitrogen oxides evolved in the
UNHE celeinotion reaction (Sce Chopter VIII) will be routed to either froc-
tionotor unit. As described in Bl, below, the vapor from Evaporators
E-B-1 and E-D-1 will be epportioned about 38% to the factionotor unit re-
ceiving the LO® acid and about 62% to the remoining unit in order to mein-
toin approximctely the same heat locding on the reboiler of each fraction-
ator unit,

Each Froctionator consists of two sections, en upper 8-1/2 £t. diam-

eter section and a lower 5-ft. diometer section, ecch of which contains
bubble-cap trays.

EX4 DECLASSIED -
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A typicel operating dlagrom for one of the Nitric Acid Fractionators
is presented in Figure VII-2. The operating conditlons illustrated by
Figure VII-2 differ from those presently conceived of as "normal" in the
alscussion above; however, an operating disgrom similar to thet illustrat-
ed ray be constructed for any deaired method of Frac‘biomtor‘operation.

i

Specifically, the operating diagram of Pigure ViI-2 illustrates the
following:

(a) vapor feed %o the Fractionntor at a rate of about 21,700 pound
moles per day consisting of- 1.7 weight per cent nitric acid
(vopor feed rete corresponds to processing the vapor evolved
when 5 tons of urenium per dey in the form of a dilute 5% URH
solution are concentrated to 100% UNH), and

(b) 1liquid feed to the Fractionateor at o rate of about 1350 pound
moles per dny consisting of 4Q welght per cent nitric acid
(1iquid feed rate corresponds to procossing the 40% acid formed
by ebsorption of all of the nitrogen oxides evolved during the
caleination of UNH at & rate of 13-1/_8 tons of urenium per day).

Referring to Figure VILI-2, the vepor composition (y), expressed a8
moles of HNO, per mole of vapor, end the 1liquid composition (x), express~
ed eg moles 8f ENO, per mole of liquid ere plotted on logarithmic scoles.
The equilibrium lihe for the HN03.320 system is shown eg curve A=B.

The descriptive legend o1. Flgure V1I.2 illustretes thot vapor feed
(yps 0.0049 mole frection ENOB) enters the Froctionator at the juncture be-
tyeen the two scctions (betwegn the 8tn and 9th plates from the bottom) and
thet liquid feed (xg, 0.16 mole fraction 31\103) enters on the 4th plate from
the bottom., (Eowever, under the specific cobditions 11lustreted by the oper-
ating dingram it is apparent thot plate 2 ig the optimum plate for intro-
duction of liquld feed,) Vapor rising through bubble caps of the 9th plate
comes into contect with the liquid on this plate end partially condenses with
the liberntion of cnough heat to veporize en HNO, HyO mixture richer in HyO
then the vapor condensed on the plete, The same phencmenon occurs on every
plote, i.e,, vopor passing up through the bubble caps of & plate contacts
liquid which is richer in the more volatile component (water) then is the
liquid on the plote below it, and a new vapor, correspondingly richer in
Hy0, is evolved from the plate.

Condensed overhead vopor (x1) is uscd as reflux to the top (1Tth)
plote of the Froctionator, The deslgn of the Fractlonmator is such that the
overheads are substantially free of nitric acid {vupor overheed composition,
Yq»= 0.00018 mole fraction ENO,, corresponding to a pH of 2 or about 0.06

- welght per cent ‘.EN03).

A reboiler in the base of the Fractionator Purnishes the heot required
to attoin the desired fractionation in the lower section of the unit and to
vaporize the reflux liquid. The nominal composition of the bottom liquid
product (xp = 0.30 mole fraction ENO3) is 60% nitric acid. :

+
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The opereting line on Figure VII-2 consists of three distinct por-
tions. The portion of the Fractionator between the vapor feed inlet point
and the vapor product outlet is represented by curve ¥o-C, the operating
1line with the equation

4R

¥y = 0.168 x + 000015

The portion. between vaper feed inlet end liquid feed inlet is represented
by curve C-D, the operating line with the equation

¥y=0.92 x - 0,022

The portion between liquid feed inlet and product outlet is represented
by curve D-gp, the opereting line with the equation

y = 1121 X‘0.063

point, is slightly less than zero (although not discernible from zero)
since the vapor feed is samewhot superheated., The slope of "q" line x_-D
which locates point D, the intersection point between the cpereting littes
ebove and below the liquid feed inlet point, is about 11 since the in~
coming liquid feed ig cold. (For exact methods of determining the loce-
tion and slope of operating lines and "q" lines see reference 2).

The theore:ical plate requirements ror each section of the Fraction-
gtor are indicated in the conventions] stepwise menner for McCabe-Thiele
diagrams on Pigure VII-2. The Tigure indicates a theoretical plate re-
quirement of between 1 and 2 for each of the three sections of the Frac-
tionator, However, there are actually L bubble~cap trays Plus the re-
boiler below the liquid feed inlet point, L trays between ligquid and

(a) 50% Murphree vapor efficiency for plates in the section balow
liquid feed inlet and for the reboiler,

(b)  45% Murphree veper plate efficicncy in the section between
liguid ang vopor feed inlet, and

{(c}) 35 Murphree vapor plate efficicncy in the section above vapor
Teed inlet,

correspond to thet calculated to be the optimum (in this case plate 2) is
not unusuel and means that ingtend of shifting from one operating line to
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enother at point D or C, the .0ld operating line is followed untll the
sctuel foed plate is reached. At the sctual feed plate location (plates

L and 8), the operating line for the section sbove the feed plate is fol-
lowed., Since the feed t0 plate 4 is liquid, the vapor rising from plate b
has a compositicn corresponding to line E-F. Since the feed between

plates 8 and 9 is vapor, ithe liquid on plete O has & composition correspond-
ing to line G-E. It may be noted that with the arbitrarily assumed offl-
ciencies a somewhat greater then required nitric acid separation from the
overheads is attained(i.e., the mole fraction HNO4 in the overheads is less
than the y, of 0.00018).

Trace quantities (about 0,002 to 0.008 g./1.) of chloride ion may
enter the organic phase of the RA Columm and cventually appear in the Nitric
Acid Fra.ctionnt?r since the chloride ion fovors a solution consisting of
about 25% HNO 15, 4% 1s expected that bubble-cap trays conteining liquid
of approximat@ly this componition {about the éth trey from the pottom) will
contain this lon and will, in fact, tend to sccumlate it. Since HC1 is
more voletile then HNO; it is boiled up from the concentrated solution, and
gince 1t is very solu'bie in water, it is dissolved in the reflux liguid in
the top of the Fractionator. Because the chloride does not tend to pass
out of the Fractionator in the overhead vaepors or concentrated acld bottoms,

. most of it accumulates in the Practionator until purged as & gide stream.

Ag discussed in Chepter III, corrosion of stainless gteel by strong
nitric acid solutions conteining chloride %311 concentrations greater than
about 200 to 500 p.p.m. DAY be excessive.( A remedy for this condition,
shou d it cceur, is discussed in Subsection B2, below.

- B, . PROCEDURE

1. Normal Procedure

1,1 General

The facilities for concentretion of recovered urenjum are designed on
the basis of the ability to process the moximum instantancous capacities
of both the Redox Plant (at 3-1/8 short tons U/dey) and the Urenium Re-
covery Plant (at 10 short tons U/asy) to o form suiteble for charging to
the UNE Calcination Potus. The succeeding discussion is baged upon these
capacities. Refcrence is pnde to the Engineer's Flow Sketch prescnted as
Figure VII-3 for a functional schematic presentation of the processing
facilities provided. A portion of Figwre VIII-2 presents & Material Balance
Flowsheet for the concentration operation.

1.2 Concentration

The RCU strooam is received from the 221-U Building in either Feed
Penk X-1 or X-2, where it mizes with 38U (concentrated to 60% UNH) from the
Redox process. BEach vessel has & holdup capacity of about one day. The
mixed UNE solution is pumped from sither m-X-1 or TK-X-2 by manifolded
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centrifugal pumps to the F
are provided, Normally, they are used alternately. The total flow rate

through the pump is about 66.5 gal./min. This flow rate corresponds to
& S%-UNE-RCU and e 60%~UNH- 35U (concentrated to 60% UNH) mixed solution
and, as discussed under A2, above » Probobly represents n slightly greatcr
flowv rate thon average. During bassage through the Feed Preheater the
solution temperature ig raised from about TO°F. to about 150°F, '

Two id'entical, parallel concentration lines are provided for concéne
troting the dilute UNH solution. Each line has been designed for a ca-
bacity of about 6 to 8 tons of urenium por day if the solution is con-
centrated from 6.4 to about 35 to 65% UNH. Because of the expected ine
creased rate of evoporatar corrosion at higher UNF concentrations and
elevoted temperaturss » & separate, small, more-conveniently-replaceable
Evaporator, E-D-2, is provided to concentrate the solution from 55 to 65%
URHE up to about 100% Ung. Normally, feed will be apportioned between
the two lines so that the heating lond on the HNO, Fractionator reboilers
is approximately equal. If all the 40% nitric se d from the gns absorb-
ing systen (note flow sketch, Figure I¥-1) enmters one Fractionntor, as is
the normnl case, the wraniun-bearing Concentrator feed will be distributed
opproximately 38f to the line receiving the 40% acid ong approximately
62% to the remoining line., The concentration~-fractionation system re-
celving the 4% ncid ig described below,

Dilute feed (at a nominel rate of 25 gol, /min. » 368 of total feed
rete) enters the basge of the Evaporato-, E-B-1, and nixes with recycle .
material, (The inlet point ig bvaffled :'rom the concentrote outlet, which
1s also in the base of the unit.) The solution posses up the inside of
the vertical tubes > absorbing heat spd portinlly vaporizing as it rises,
and jets up from the open ends of the tubes, The vopor-liquid mixture
strikes impingement baffles, which sid in separnting the Pheses. The
voapors expand into a low velocity zone and are then diracted through a
path requiring cbrupt changes in direction before finnlly reaching the
vapor exit line, Liquid seporated from the vapor returns to the base of
the Evaporator through o downcomer line (which is separate from the heat
transfer portion of the unit) end 1s either mixed and recycled with
fresh, dilute feed op withdrown osg partially-concentroted product to the
UN Tonk, IK-C-1.

The partiolly-concentrated solution (55 to 6% UNH) in TK-C-1 is
pumped to the feed inlct of Evoporotor E-D-2, The operation of E-D-2 18
similar to that of E-B-1. Vapor from E-D-2 is normnlly routed to the
vapor exit line from Evaporator E-D-1, The concentrated (approximtely
100% UNE) bottoms from E-D-2 flow by gravity into Storage Tank X-19, 4
velght-factor controller Tor coch Eveparator mintains a constant head in

A pressure indicator-controller regulates steanm pressure (hence
temperature) in each Eveporator steam chest., The entire unit ia compori-
tively insensitive to variations in feed composition and feed rate,
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A 10% concentration or flow rote varistion of the feed results in only
about & 1% variation in tha;composition.of‘the‘prdduqt streom,

1.3 Nitric acid froctionotion

Approximately 4000 std. cu. £4, /min, of woter vapor containing about
0.9 welght percent HNO3 posses from Evaporator E~B-1 into Nitric Acid Frac-
tionntor T-B-L, These figures are baged upon the aforementioned basis of
3% of total RCU feed flow to Evaporator E«B-l. As described in Subscction
A3, obove, the vapors ore depleted in nitric acid as they rise through the
bubble-cap plates, and tha liquid is enriched in nitric acid as it over=-
f£1lowe from plete to plate. Procticolly acid-free water vapor issuing from
the Fractionntor ot about: 5000 std.cu.ft, /min, is condensed in Condenser
E.D-3 and routed to the Condensate Tonk, TK-C-3. A portion of the conden~
sate is returned as reflux (by flow control from o pressurized header) to
the top plote of the Froctiomator at o rote of about 5 gol./min, Conden-

Ty gate not used os reflux is pumped at a rate of about 65 gal. /min. (total
] srom both Fractionntors) to cribs vio the 241-WR Diversion Station and
= Condensate Tanks, TK-007 , 008, ond 009. _ , _

g .

g":; Steonm flow rote to the reboiler in the base of the Fractionator 1is
:-;w controlled through mensurement of the gpecific grovity of Froctionator
i bottoms ond n#y be odjustod to produce the desired degree of product scid

concentration (normally 60%). The Lo HNO; from the LO% BNO, Recelver,
TK-C-3, is added to the Yth troy up from. tge ‘bottom of the F;‘actionator at
a pominal rate of sbout 2.3 gel./min, Normally, ell of the 40p ocid is
routed to one of the two jdentical Practionntors (in this cose T-Bal);
however, lines are availoble to cach wnit. _

The 60% ccid product overflows from the reboiler of the Fractionstor
through & heat exchonger ond into the 60% I-moa.aeceiver, PK-C-4, The ceid
is pumped conmtinuously (at o rote governed by weight-fo.ctor'cotrbrol instru-
mentation in the tank) from TR-Ceb to the Nitric Acid Storags Tonk, TK-006,
in the 241-WR Diversion Station for eventual reuse in sludge dissolution.

1.4 Steom use ' "

Becouse of the very large concentrotion loed of Evaporgotors E-B-1,
E-D-1, ond E-D-2 (together with lessor neoting duties of vorious other
equipnment pieces), the grectest possible asteom economy is required in order
not to excced the steom production capocity of the n00 West Area Boiler
House. Excessive stean demoné on the boiler house y necessitate curtail-
ment of the uronium recovery progron (rother thon to curtail production).
Thus the total plont aperating pericd required for uraniun recovery might
be lengthened, roising unit recovery cogts of uranium out of proportion to
the velue of the steonm cousing the curtoilnent.

As on oid in conserving stean, o therro-copressor gysten (see Figure
V1I-3) extraocts usable heat fronm Evaporotor and Tractionator steon conden-
sates, and the terperature gradient between effluent condensate (at about
212°F, ) from the thermo-compressor system end incoming dilute feed (ot about
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TO°F.) 1is utilized in the Feed Preheoter, E-B-6, to increese feed
temperature to about 150°F.

During peak cepacity operation, steam Pressure in the steanm chest
of the Evaporator is sbout 60 1b./sq, in. ge-(307°F.). Froctionator re-
boller steam is at about 100 1b,/sq. in, go. (338°F.). Stecm condensate
fronm both sources passes through steor traps connected to Flash T:unk B-2,
which is meintained at about 30 1b, /aq. in. ge. A portion of the con-
densate fleshes to steem as it passcs its trep; the remminder collects in
B-2 and 1is discharged through e steen trap to Flash Tank B-2-A, which is
mointained at about 5 1b, /ag. in. g, A ein, part of the 30-1b,/sq. in.
g2, condensate flashes to steam at 5 1b./sq. in. ga. as it pesses the trap;
the remainder collects in B-2-A end is-discharged through a steem trmp
to Flash Tank B-3,which operates at atmospheric pressure. Condensate
from B~3 is discharged through & steam trap to the Feed Preheater for
extraction of part of its sensible heat by incoming cold feed before
eventuelly finding its way to the Retention Basin.

Steom in Flash Tank B-2-A (at about 5 Ib./sq. in. ga.) is compressed
to about 30 1b./sq. in. ga. by a thermo-coupressor jet fed by 225-1b. /sq.
in, ga. steam, The Jet dlscharges into the vepor space of Flash Tank Be2,
Steam in Flash Tenk B-2 (ot about 30 1b./sq. in.ge.) is compressed to
about 60 1b./sq. in. ga, by & seconmd thermo-compressor jet. This jet
discharges into the stesm chest of Eveporator E-B-1, A pressure indice-
tor-comtroller on the discharge line from each thermo-compressor jet re-

2. ZRenmedy of Off-Standard Conditions

2.1 Fouling of Eveporator tubes. .

Partial loss of evaporation capacity, as evidenced by & more-dilute~
then~-normel product or increesed steam pressure required to maintein a
given product composition, may be an indication of reduced overall heat
transfer coefficients due to scale formetion in the tubes, If this
condition proceeds to the point where it connot be compensated for by
inereasing the steom pressure, the offending Evoporator mey be shut down
slowly, drained, flushed, ang scale-dissolving nitric acid selution
(nominally 60%) may be sproyed into the top of the unit and recirculoted
by boiling. After heot transfer rotes heve been reestablished, feed is
readmitted to the Ewaporator without removing the acid solution.

Depending upon the Drocessing rote at the time, part or all of the
load mey be thrust upan the other Evaporators during the shutdown, When-
ever possible, the inventory in Feed Tonks X-1 and X-2 should be reduced
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prior to shutdown, to provide edditional dilute feed surge copacity during
the period when one Evoporator is off the line. '

5.2 Follure of feed supply to Evap_omtors

This condition moy be detected by cn ~larm light from the pressure
switch,which valves in condenscte to reploce the interrupted feed supply,
or by & drop in temperature in the Eveporator overhonds {reflecting the
entrance of condensate into the unit).

, As {ndicated cbove, when feed supply feils, & pressure switch in the
foed line automptically opens & vclve which admits condensate from Roof
Tonk X-14 to the Eveporator. The Evaporator boils off the condensote fed
to it without excessively diluting the concentrated product until such
time as restoration of the feed supply con be made or the unit can be
slowly shut dowvm, Supply of condensate to Roof Tank X-1b is waintained by
connection of this vessel to the pressurized condenscte header system.

2.3 Too high differentinl presgure &cro8s Froctionntor

This condition mey be detected (o) by differential pressure instru-
mentation ncross the Fracticnator, (b) to some degree by the pressurc in-
dicator on the vapor feed line to the Fractionator, or (c) by the blowing
of the Seal Pot, B-4 (or D4}, The phenoucnon ig. usually indicative of
too high o vapor velocity in the Proctionotor (most likely to occur when
starting up). This off-standerd condition may be remedied, at least
temporarily, by reducing feed flow to the Evoporctor or steam flow to thae
Fractionotor rcboiler in opder to reduce vepor velocity.

2.4 Dropping of effective 1iquid level in Evaporator

The Evaporator is designed to operate with an effective ligquid level
which would half-fill the tubes if concentrotion were not being cccomplish-
ed, If the effective 1liquid level folls. mnrkedly due to 2 faulty discharge
volve, which posses solution at tocu ropid o rote, or due to nartially
plugged jpetrument dip tubes, which have the effoct of opening the control
valve further, the reduced head at the base of the tubes moy not be greot
enough to induce a poturel circulation through the unit, apd the desired
product concentration moyj not be attained. The off-standord condition
mey be detected by (2) weight-factor instrumentation in Receiver Tank C-1,
(b) the f£low recorder on the condensed Froctionator overheads line which
indicotes o less-than-normol quontity of condcnsate, or (c) the weight-
foctor indicator for the Evaporntox (1f o faulty cischarge volve 1s cousing
the umsual condition)., The off-stondard condition moy olso be pointed out
by & moterial balance around the Evuporator-Fractionc.tor unit. Such o ma-
t erial bolonee may be derived from weight-factor readings in the Evaporator
Product Receiver, ond from the readings of f£low recorders indicating (o)
the dilute feced to the Evoporator, (b) condensed overheads fron the
Froctionntor, (c) acid bottoms from the Fractionctor, (d) liquid acid feed
to the Froctionator, ond(e) reflux to the Froctiomotor. As o first step In
attempting to remedy the situntion, the Evaporotor liguid effliuent control

a‘ﬁvﬂ ‘_
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valve should be opened and closed rapidly severcl times (in case valve
stickiness or sluggishness is causing the difficulty) ond the welght-factor
lnstrument air supply should be checked and the air pressure increased
rapidly several times within the limitations of the instrument (in case
blowing out of any smell obstructicns in the dip tubes moy eliminate the
difficulty). If both of these potentisl remedies fail, the Evaporutor moy
be shut down slowly in order to replacc the control valve or unplug the
dip tubes,

2.5 Overconcentrotion of UNH .

If the UNH feed rote to en Evaporator is reduced considerably from
a normal flow without a campensating reduction of stean chest Dressure,
overcencentration (uranium concentretion groater thon 1006 UNE) nay take
place and, if not corrected for, might ultimately result in “freezing"”
of the Evnporator contents. Overconcentration may be detected by an in-
creasing vepor temperature as indicated by the temperature recorder in the
Evaporator or by a reduction in the feed flow rate os indicated by the
feed flow recorder-controller. The condition may be corrected, if it has
not proceeded too far, by reducing steam pressure or increasing feed flow,
If overconcentration hes broceeded to the point where scaling of the tubes
or freezing of the solution has taken place, the unit must be cleaned out
as described under B2.1, above. A preventive meesure for the condition
would be to inter-~commect the vapor terperature recorder and the steam
bressure indicator-controller.

2.6 BReduction of condensate heador Pressure

The cut-in of the duplicate, parallel Dunp vhich pressurizes the
condenscte header indicetes not only that the above condition has occurred,
but also thet it has been corrected, The spare pump is activeted by a
pressure switch set to start the puip when header pressure drops below
some predetermined velue, The off-standard condition may be caused by
check valve failure as well as purp foilure.,

2.7 Iocrease in acidity of condensnte

This occurrence may be detected by means of the pH indicator in the
Sample Ccoler (E-CT) line. Normally e portion of the combined condensates
from both Fractionotors is routed through the Sample Cooler. However, by
appropriate valving, the condensates nay be routed through the Cooler
separately in order to determine which is the offending Fractionator, In-
crease in the supply of reflux condenscte to that Fractionmntor ey remedy
the off-standnrd condition. The degree of correction of the condition
by increasing reflux has as its limitation the attainment in the Froction-
ator of a vapor velocity that ney be high cnough to blow the Seal Pot (due
to boil-off of the additionel reflux liquor). If condensites with no pHE
equal to 2 or higher cannot be produced, it roy still be feasible to crib
the liquid. An alternative procedure would be the neutralization of cone
densates before cribbing.
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2.8 Chloride accummlation in H‘NO3 Proctionator

As discussed in Subsection A3, acbove, there is & possibility of an
accurmlaotion of chloride iom on one or more of the bubble-cop trays. This
condition, should it oeccur, will be detected by routine sempling of the
various plates below the vapor inlet point to the Fractiomntor, It
ehloride accurmulation is detected, the contents of the plate or pletes in-
volved will be purged (either completely ond periodically or by smnll cone
+imous withdrawel of liquid) from the systen through the sample ports.
The frequency and oxtent of such purging will be determined on the basis
of experience. '

2,5 Excessive corrosion in Bvaporator E-D~2

Evaporator E-D-2 is designed to concemtrate urenyl nitrate solution
from about 55 to 65% UNH up to about 100% UNE. As mentioned in Subsection
Bl.3,above, it is expectcd thet practicelly all Iveporator corrosion will
occur in E=Dw2. If E-D-2 falls due to exceasive corrosion, it is planned
to replace the unit. During the period when replacement is veing nede,
either or both Product Eveporstors, E-B-1 or E-D-1, cen be adjusted to
produce terporarily a 100% UNE product in order to meintain production
capacity.
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A, PRODUCT SFECIFICATIONS

1. Ceneral

Urenium trioxide produced at Hanford is shipped to the K-25 site at
Oak Ridge, Tennessee, for further processing. Beceuse of the singular
neturs of both the Hanford and K-2% operatioms (involving aspects affecting
UO3 specifications that may be determined only upon full-scale operation),
it is impossible at the time of writing to list more than tentative U03 -
product specifications. Operational or equipment modificetions mede at a
frture date by eilther site may modify the Pollowing temtative specifica-
tions.

Although at the time of writing it 1s contempldted that all UO3 pro-
duced at Hanford will be converted to UFg at K-25, it is also possible to
convert U03 into uranium metal.

- .. | (21)¢23)(24)
». Chemical and Rediocactivity Specifications of U073 -

Tentative chemical specificetions for UO3 are presented in the fol-
lowing table. For purposes of couparison, the corresponding expected com-
position or property of U03 produced et Hanford is also included in the
table. .

Constituent or ' ' Ixpected (a)
Property Tentative Specification Q4 Composition
' Zb
Beta activity Not more then 30 of the beta 25%8 )
from fission activity of natural uranium. (8.3 x 107 curies/g.)
products.
Gamme activity - Not mare than 300% of the gaume 25 (®)
from fission activity of natural urenium. (4 x 1079 curies/g.)
products '
Plutonium 100 p.p.b. <80 p.p.b.
U003 (purity) , 97% min. 97% min,
Ne* Not more than 1000 p.p.m. 200 p.p.0.
boo) Not more than 2000 p.p.m. 150 p.p.m.
Iron Not more than 100C p.p.m. 1000 p.p.m.
Ni
s
Mo t
%r e Not more then 100 p.p.m. each 100 p.p.m eech
s1 |
’ (e)
HoO Not more than 0.1% 0.1% ©

O Not more than 0.6 --
oo 2 B0 ASSIFED oo 0 @
| ‘.:?;\‘.A’— . ’ _ 2 4o
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rate of 13-1/8 tons of uranium per dey is from current metal
production (Redox process). As the proportion of uranium in
UO3 from current metal production increases toward 100%, the
be activity, gamma activity, plutonium content, sodium con-
tent, and phosphats content change toward 10%, 100%, 10 p.p.b.,
500 p.p.m., and Zero, respectively. As the proportion of
uranium in U03 from aged metal wastes (TBP process) increases
toward 100%, these figures hecome 30%, 300%, <100 p.p.b., 100
P.p.m., and 200 P-D.m., respectively.

(v) The contribution of U-237 (6.7-day half-1ife) to the total
radicactivity of the uranium product is discussed under
A2.1, below.

(e) Mellinckrodt Process results.

(d) Mallinckroat Process results. (HCl-insoluble metter is taken
to be U308.) 1If the UNE decowposition time cycle ig shortened
by increasingﬁoperating temperatures, the proportion of U308
may rise to 1 to 54, ,

2.1 U-EB? radioactivity in the product

In addition to fission products, the uranium product of the Redox,
Plant mav contain significant amounts of another radiocactive constituent
formed in the pile -- 6.7-day helf -iife uranium isotope U-237. U-237 1isg
formed in the Piles predominantliy by the muclear reaction:

U-238 + newtron -—_ U-237 + 2 neutrons

Since U-237 ig chemically identical with the rest of the uranium » it 1is
not removed in the Redox Procese or in calcinatiom. Its concentration
in the uranium Product is thus entirely a function.of the imdiation

-in the pile 18 a runction of the neutron flux at that point, and neutron

flux is, in turn, proportional to the pile power level. Thus a particuler
neutron flux mey be attained through the centrally-located tubes in a

The U-237 radiocectivity of Redox process uranium under some selected
conditions is as follows:

:  DECLASSIFIED



340276

™%
F
Fun

Sl

E T e DECLASSIFIED e

P i

Power Level, Peta Radioactivity Due to

Mogawatbe/Ton . . "Age" (Since Pile U-237, % of Natural
Uraniwn . Discharge), Days Uranium Beta, + About 3%(3)
1 o 200,000(®)
| m | 100
| - 10
- - Y 100
S a0 | - 10
3 | - T 600,000(")
& . 100
106 10
N 0 L 800,000("
88 100
110 | | 10

(a) Activities measured with G-M tute allewing 10 mg./sg.cm, for
window, air, and Scotch tepe. () Saturation activity, celcue.
lated.

The distinction between the beta redicactivity due to U-237 end that
due to fission products in Redox process wrenium product less than about
100 to 115 deys "old" comstitutes an anelytical problem., Presumsbly, if
the activity is due to U-237, the- UNH can be converted into UO,, packaged,
and shipped since the U-237 activity will have decayed to negligible values
by the time the UQ, 18 reenalyzed at K-25, Cn the other hand, confirmation
. of excessive beta activity as due to filssion products would be cause for
revork of the uranium, At the time of this writing anelytical methods are
being developed for determining the radicactivity due to fission products
alone. One method being considered involves “"counting” of product solution
from which all isotopes of uranium heve first been removed by chromato-
graphic techniques. _

3, gﬁmuSFuﬁuumawU%@U@ﬂ@M

The following table lists tentative physicel property specifications
for U0, and, for purposes of camparison,tie sorresponding expected value
for Heiford produced UO3. ' ‘

- Tentative Expected Value

Property
Particle size

Bulk density

Surface ares

Speciﬂcation
80% through 80 mesha

3.2 g./ml. (200 1b./

cu,ft.) min.

1.6 sq. m./gm. {pitro-
gen adsorption) min.

Tor Hanford UO3
More t through
80 meaga?a?%

3.5 to 4 g./ml. 0 to
250 1b./cu.ft.)(lgsa
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(2) Because of security reétrictions s the U03 Mikro-Pulverizer

duction with U03. (Actuelly, the screen to be supplied with
the Milro-Pulverizer hag 1/16-1in, pPerforations.) The approxi-
mate size enalysis of UO3 milled by the Mallinckrodt Chemical
Compeny on & No. 158 Mikro-Pulverizer fitted with a 3/64-1in.
Herringbone screen (4200 rev./min.) is:

Mesh No. Per Cent Retained

20 ¢.05
30 0.5
ko 1.7 15.75% retained
50 3.5 on 80 mesh
70 6.1
80 3.9

100 - 8.6

140 10.2

200 9.2

325 15.1

through 325 2.8

(b). Mellineckredt process results.

B. FROCESS CHEMISTRY

1. Process Description

Concentrated uranyl nitrate hexahydrate (UME) solution is converted
to wranium tricxide (U03) by thermal decomposition of the UNH solution in
batch-charged, externaliy heated Calcination Pots, As discussed in
Chapter VII » feed solution concentration will correspond in composition
to 80 to 1004 UNE. The chemical reection occwrring during the conversion
of UNH to Uo3 (under the orereating conditions contemplated) may be
Summarized as:

U02(NO3)p: 6BA0 —— UO3 + 1.86N0, + 0.1kw0 + 0.5705 + 68,0

ortent determining factop. The degree of
varieble. The interaction of the verious
8 from the UNH decomposition reaction with water ang oxygen

th incressing pet temperature. However,
ther varisbles ( notably, type and degree of
1 and temperature) have Prevented any

ion -rate with pot temperaturs.
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The total heat requirement for the UNH comversion is dependent upon
the feed solution composition. The theoreticael amount of heat required
to form U0y from &n 80f% UNH feed solution is about 1700 B.t.u./lb. uranium,
while for a 100% UNE feed it amounts to about 1100 B.t.u./1b. (decomposi-
tion reaction carried out at about 45C°F.). The heat requirement for cal-
cination is needed both ~to supply sensible heat to brinmg the reactants to
the desired temperaturs and maintain them there, and to provide for the

| heat sbsorbed. in the calcination: reaction.

Data on the specific heat of uranyl nitrate solutions at 25°C. as )
a function of weight per cent uranyl nitrate are found in the litera.ture.(la
Based upon the data available, the specific heat of a 100% UNH solution at
its freezing point, 6C°C. (14C°F.), is estimated to Dbe 0.31 B.t.u./(1b.)
°r.). (See Chapter IV.) The average specific heat of 8 100% UNH solution
between 23(PF. (pot charge temperature) end 260"F. (the approximate boiling
temperature of the solution) is estimated to be about 0.32 B.t.u./(1b.)
(°r.). From 26C°F to 4OC°F. the solution loses water and the specific heat
drops rapidly, approaching that of UCq (0.08 B.t.u./{1b.) (°F)) at about
4O0PF. It is noted that, from an operational stendpoint, use of as highly
concentrated a feed solution as possible may offer a process advantege
through the reduction of the quantity of heat 1o be transferred through
the walls of the reaction vessel. However, due to the complex nature of
the solution and its corrosion properties, & complete economic balance can-
not be arrived at without sdditicpal experimental informetion.

At temperstures on the order of 330°F. or higher, some U408 {2 greater
amount thaa 0.1%) may be formed either by reduction of U03 or directly from
UNE. Thus, temperature control of the conversion reaction is essential if
the U308 content of the U03 product is not to excced a specified value.

The reactions producing U308 at elevated temperatures may be sumparized as:

3002(N03)2 2850F, U308 + 6N0p + 202
6003 2850F., - 2U308 + Oa

These reactions are essentislly complete at 1000 to 150¢° F.(ﬁ)(EO) At a
UNE decomposition tcmperaturc of 400 to 450°T. (as measured in the centor
of the rescting mass), the production of U308 is hindered so effectively
thet only on the order of 0.00% of the product conaists of U308.

Severnl of tho propertics of UO3 depend to some extent upon the rate
of UNHE reduction to U03. Uranium tricxide produced in a rapid UNH cal-
cination (such as UNH sprey drying) 1s considerably less dense (bulk den-
aity of 50 to 150 1b./cu.ft.) than U03 formed by the slower, Mallinckrodt
calcination {bulk density of 200 to 250 lb./cu.ft.). It appears also thaet
a slower UNH decomposition favors larger erystal agglomeration of the UO3.(7

When the calcination reaction is carried out on a batch scale, the
physical state of the mixture in the reaction vessel passes through severeal
stages., The liguid uranyl nitrate solution first charged remeins clear un-
til the evolution of brown nitrogen exides can be detected. There is &

o3  DECLASGFEp e




1940275

I

g.

'-r l};wnw-”'r?y‘w _::"1"55' e o '.—’ :- 9 AR .. N I e I o :

" U —

rather dafinite~appearancerchange-of.the solution at thig roint, & change
from & cleer to g turbid solution, asg decompositiontproceeds, as evie
denced by continued evolution of nitrogen oxides, the solution firgt ba~
comes increasingly viscous and finally g blastic, doughlike state is
recched Just. before the trensition to the 80lid, powdery state. The
evolution of nitfggfa)oxides,practically ceases with the formation of
the solid phase.‘. o

It has been demonstrated that the extremely viscoys, plastic state
may te by-passed by continuous or senicontinuous decompasition methods,
Spray decomposition techniques, wherein a concentrated UNH solution is

have(iﬂf%ff ¥ eliminated intermediate physical states between UNE and

A semicontinuons broceegs, wherein concentrated UNH solution
is added into g heated resction vessel containing a prepond?r%?fg ?f UO3
powder, has by-pessod at least the extremely plagtic state.\l 1

- The spray decomposition techniques, by virtue of the reletivaly high
chawber tempersture required to flash-decompose the UNE solution, inher-
ently cof{fft nore of the uranium to the U308 state then does & batch
Process. _

UO3_both manufacture Uo as mn intermediate step, it appears that the
Presence of U308 (2003°U02) would not be objectionable for these opera-
tions,

Usually a U03 product drying period is required in order to meet
specifications on residual moisture and nitrate in the powder. Such a

Arying involves heating at an elavwmted temperature, with sutficient

agitation, until tpc noisture or nitrate contont ig reduced to the speci-

2. Proporties of 003

2.1 Chemicnl propartics

An amorphoys Torm seems usually to have an orange-red color. In addi-
tion to the amorphous form, a8 number of cryastal modifications axist,

At leest ene of these crystalline modifications has been identified as
baving e hexagens3 crystal struature. Differences in allotroptc rorm

Y . DECLASSIFIED L
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Urenium tricxide shows amphoteric cheracteristics and will react with
mineral acids to produce uranyl selts and with metallic oxides to form
uranates. : :

The UO3 powder is very hygroscopic and tends to crust over upon 6X-
posure to air. I¢ hydrates rapidly to U03-H20, the rate increesing with
temperaturs .(4)(20) pata are only qualitative but UO3 exposed to air at
room temperature geing weight at the rate of about 0.1% per hour according
to data taken at the Mallinckrodt Chemical Company plent in St. Louis
(relative humidity of air not given).(20 ,

_'At a temperature'of between 850 to 1300°F. noticeable thermal decon-
position toward the compound 'U303 begins in air at atmospheric pressure.

The ‘teaction is, for practical purposes, irreversible, but it is possible
to convert U308 to U03 by peating in about 30 stmospheres of oxygen.( 18)(19)
Both the thermal stebility and ees? lgs reduction of U0y depend upon the
crystal structure of the material.

J Gaseous.U03 my exist umder certain conditions. However, the vola-
tility of the solid is very small, and, in general, high temperat
(above 1150°C.) end reduced oxygen partial pregsure (about 4 x 10-% atmos--
pheres) is required for gaseous UO3 formation.{17

97173940280

2.2 P_hzs ical Eoggrtiea

Urenium trioxide is a powdery solid with an absolute density of
about 450 1b./cu.ft. (7.2 g./ml.). The bulk density of the powder depends
upon a number of factors, the most important of which is particle size.
The bulk density may range from ebout 50 1b. Jcu.ft. for the very fine and
fluffy product of uranyl nitrate sprey decomposition techniques, up to
about 250 1b./cu.ft. for powder produced by batch decomposition of ("ﬁ?ﬂ%

aitrate in externally heated reaction pots (Mallinckrodt process) .

The particle size of UQ3 grains depends upon'preparation methods .

Spray decomposition methods hav? ﬁoduced grains which have @ diameter ¢
the order of 0.02 to 2 microne. 1 The Mallinckrodt process produces

particles of U0y generally 1 micron and lerger in diameter. The Hanforc
product is gemerally similar in particle size to Mellinckrodt UO3. (See

Subsection A3, sbove.) The Mallinckrodt product hes e surface area of
approximately 4400 sq .£t./1b,, vhile the spray d.eco:ﬁoiition product
hes @ surface area sbout 5 to 10 times this figure. o

'I'ha hardness of U03 is abhout 3.0 on Mohs' gcale (com'parable in
hardness te calcite).(‘s)

~The specific heat of U03 powder is approximately 0.072 B.t.u./(Ib.)
(°F..).aver the temperature range 70 %o 21?’1‘5 Tt increases slowly to
avout. £.083 B.t.u./(1b.) (°F.) at 1100°F. 12

' No noticeable elsctrical conductivity is shown by UO3 up to about
570°F. Above this tempersture the conductivity inoreases slowly; it is

v ORCUSSFED
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préaumed~t0'be due to slight reduction of UOB toward.U308. The specific
conductivity of U03 at 750°F. 1s less than 57z 10-8 mhd cm. (k) phe

conductivity of vo; often detected at ordinery temperatures (which gis-
appe?g? at 200 to 300°F.) ig atitributed to absorption of water from the
air,

Finely povdered UO3 cauﬁht up by a vigorous eir blast carries e
Positive electrical charga ., ()

3. Properties of U208

3.1 Chemical properties

Among other metheds, U305 may be prepared by thermal reduction of

The crystal structure of U3Og is orthorhombic,(19)

The decomposition temperature of U308 15 about 3100°F. under one

aetwosphere of oxXygen. It decomposes to U0, 25 80lid and 10-3 atmospheres
of Uo(3 €28.(7) The neat of formation of U30g"1a 1810 B.t.u./Ib, at
12) : '

65°F -

The compound is not hygroscopic. The observations that the green -
oxide prepered at low temperature 8lowly hydrates in air without changing

3.2 Physical prdpertiea

The absolute density of U30g 18 about 480 b, feu.rt. (7.7 g./ml,},
The bulk density of U308 powder depends upon rarticle size and methods
of preperation, but 1% 1g in the renge of 150 1b, feu.rt,(12)

The hardncss of U308 is about 3.5 on Mohs! 8scale (between calcite
8nd fluorite -- about the same as aluminium),(8)

The specific heat of g Og 1a approximately 0.075 B.t.u,/(1b.) (*r.)
Over the temperature range 70 to 210°F.(9)

The compoung is an electrical non-conductor at ordinary temperatures,
However, the 8pecific conductivity 8lowly increases with temperature ang
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{8 considersbly gremter than the specific conductivity of U03 powder at
nigher temperatures. For example, at 400°C. the gpecific cobductivity of
U40g i8 7 = 10-% mho cm., while for U0y it 1is less than 5 X 10-8, At

100°C. the specific conductivity of U30g 18 9.0 x 10-T mho cm. (Date are
lacking for the conductivity of UO3 et this temporature.)

The thermal conductivity of U Oa renges from 0.1k to 0.31 B.t,u./{hr.)
%hg physical stete of the solid.(l2

c. PRO_GESS ENGINEERING

1. Generel

A 103 product mey be obtained from several types of uranyl nitrate
decomposition processes (batch, semicontinuous, or sontinuous) end with
the employment of & wide variety of types of calcination or drying equip-
ment. Batch decomposition of uranyl nitrate in caleining pots hes been
chosen as the method of U0 production because of the successful, long-
term experience of-the Ma inckrodt Chemical Compeny with similar types
of equipment and methods of operation. Although other processtes have
peen developed on a leboratory soele {end in some instances on & semiworks
scale), their full-scale practicability has not yot been demonstrated.

The tentative chemical end physical form of the UC3 product has been
specified in Section A. In general, chemical and physical properties wey
be altered by the menipuistion of gaveral process veriebles, emong them
being decomposition temperature end time, speed of agitetion, concentra~
tion of feed, end the length end type of & drying period.

2, Batch Calcination Pot Process

2,1 Design basis

The urenyl nitrate calcination process i8 dasigned to produce &
U0, product at a maximumn instentaneous rate of 13-1 S tons of uranium
per day. (This figure reflects the corbined reximum instantansous de- "
sign capacities of the Redox gnd TBP Plants.) The average production
rate over & long period 1s expected to be about 10-1/2 tons of uranium
per dRy. ‘

Eighteen Calcination Pota mre provided for the uranyl nitrate thermal
decomposition reaction. The noninal bateh size per pot is 58 gal., re-
presenting 462 1b. of UO3 per pot at a feed solution concentration corres-

pending to 80% UNH;or 30 gal., representing 500 1lb. of U053 per pot at a
feed solution concentration corrosponding to 100% UNH.

The epproxinete pot cycle (for design purposes) 1a:(16)

wowt  DECLASSFED. -
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- Charging pot 15 minutes
Preheating to 390 to 500°F. .. 143 minutes
Decompogition of the charge 180 minutes

Cooling and unicading - 105 minutes
Total T hours 23 minutea

It may bhe economically advantageous to reduce the concentration of .
Teed to less thapn 100% UNE (perhape 90 op 95% UNH); the lower selt con-
centration woilg reduce corrosion and, thereby " prolong Feed Concentrator
life. The probability of reducing the time ¢ycle and the ability of the
Caleination Pots to process a lass concentrated uranjum feed solution

2.2 General description of pot ang furnace

" Reference ig mede to Chapter XVI for a detailed description of cal-
cination equipment. Each of the eighteen Calcinmation Pots is o covered,
l-inch thick cylindrical steinless steel vessel with a hemispherical
bottom, The pots are 30 in, in diemster by 32 in, deep. An individus]l
elactric furnaes Surrounds each pot and furnishes the heat necessary to
accomplish the calcination reaction, Bach furnace (55 kw, at 220 volts,
2-phase, 60-cycle) 1s designed to produce a meximum chamber temperstuyre
of 1600°F. measureq 1/% in, from the exterior surface of the pot.(3)
Based upon SXperience in & similer ingtallation at the Mallinckrodt
Chemicel Works » @ design heat-transfer coefficient of 12 through the
walls of the pot during the uranyl nitrate decomposition bortion of the
¢ycle has besgn assumad.,

2.3 Agitation

Agitation during uranyl nitrate decomposition is required in order
to maintain efficient heat trensfor to the reacting mass, to aid in the
formation of a wniform-sized bBroduct, end to minimize high local heat

concentrations at the wall of the pot,

A sweep-type agitatop (illustrated in Chapter XVI) mainteins o
clearance between the blade and the walls and hemispherical bottom of the
POt of about 1/8 inch, The blades of the egitator ape positioned so that
the reécting mnss is displaced from the edges toward the center of the pot,
With o relatively spnll Pot-to-agitator clearance, the magnitude of the

- U03 scaling or caking problem on the walls of the pot is reduced (although
not eliminated),

C DECLASSIFIED —
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sea Subsection Bl). The agitator for eech Caleination Pot in the UOg Plant
is powered by 2 7-1/2 bp. (5.6 Jw.) electric motor. The agitator pover
requirement for a Mallinckrodt-type patch decompesition (charge'equivalent
to 600 1b. UO3) is represented schematically by the following figure:

Peak Power Requirement
During Doughlike State,

, _ 150°F,
‘ Preheat, 2h0‘,lDecompoae N *’"*il Product Drying,"
3~ 'to BOOF. LoO to uS0°FS 150 to GOO°F. !
R | _
}
‘..".‘; _ \[
_g ol = '!"
2 3
- [
w Py
- i 't.
8 P
g |
h A . i Q
i
- ’/"”’ B |
. T
_________........—r
| | | { ' i 0
) 1 2 3 b 5 6
Time, Hours

The speed of agitation hos an important effect on the properties of
the U0z product. The design speed of egitator rotation is k0 rev./min.
Iabora%ory experiments in which a semicontinuous process was employed in-
dicate @& correlation of fineness and uniformity of product with agitation
speed. At speeds of 100 to 130 rev./min., generally @ £iner and more
uniform product was obtained (other variables remeining congtant) than at
%} rev./min.(El) (The plant cgiyntors will have a tip speed of about
5.3 £t./sec. which is about 2-fold groater then the laboratory agitetor
¢ip speed when the laboratory sgitator operctes et 150 rov. fmin.) Although
quontitative dota ore lecking, it is clear that with higher agitetion apeeds
s more unifornm temperature exists throughout the reaction mass.

2.4 Product remova 1{1)

The UO3 product of the celcipation resction consists, preponderantly,

of very find powder (about 80% or more through 80 mesh). However, coked
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. 9 encrusted UO3‘ mey adhere to the 8ides of the pot oy to. the agitator,

and some 1lumps mey exist in the. powdery mass, :

":.Pulyerizezj. (Refer to Chaptey Ivii.)

The Mallinckrods Company has remcved encrustedq U03 1in their pots |
by mechanical meang Such &s chipping ‘out the crust. In the Hanford
operations, such methods will alvays be aveilable, but, in addition,
facilities ara Provided for adding nitric ecid to the fota to dissolve.

‘ ' ‘ ' ) (16) 1t 15 expected

that acig dissolution of U03 éncrustation will be requireqd non-routinely,

. . The vacuum moadin.g system 1s designed on the _basis of hendling
3200 1b. of Uog rer hour (total_figur& for all pots). 7o accomplish

vacum wnloading header..

2.5 Ca-ic;inﬁti'onk Pot‘vel':‘t éystem

@ fairly uniform rete (about 250 standard. cu.ft./min. total from aii pots
8% 13-1/8 tons/day) during the decomposition. period, Since pot operating
schedules overlap, the overall vapor evolution rats remaing essentially

constant .

Alr from i.n.-leakagje, nitrogen. oxides,. and water Vapor are evolved at

The ﬂ'erlginatiéﬁ Pots apa. each dési'gnad with 8 valved vemt line which
is opened during‘the‘ decomposition cycle so that vapors mey be routed to

2.6 Methods fop confining U0y dust(l)

One of the important"design considerations fop the UQy process ig the
elimination of the dust hezard in breething air to ag grea:é a8 degree as
Practicable., 4 Special system fop mintaining clean 8ir is provided for
those UOg-handling areas where air conteminetion would otherwise be likely.
The system consists of providing a limiting air velocity thet will prevent
bessage of U03 dust from the normal vontaining vessel or equipmont Pisce
into the aip of the operating ares. .

The physical 88pecte of the ventilation 8upnly and exhausting aystem
are described in detail in Chapter XVIT. The design bases for the system
are; _ ‘ ‘ .

@ RS g




521230280

- J

\g-,mwﬁgs}*ggémf_,ﬁ-?&gmwm iz f":-,._;fv.- w« e e T L “Wi—? e R T T o
T DECLASSFED e

(e) Removal of W3 to a degree guch thet operating-ares® air shall
not contain more thad 1.k x 1‘.0-'6 grems of uwranivm per eu.ft.;

" ()" Rémovel frem the eir-of all particles of 'U03 1 microm or
larger in diemeter. . = o .

itme method of attaifiing the ‘above aime is to sweep air at high veloc-
1ty (%00 linear £t./min.) scross the ‘location of the source of the poten-
$1n1 contamination followed by pessage of this contamirated air through

Bag Filters before discharging it from s local stack. -

During ‘the aecomposition Teaction the pots are “totally enclosed, and

any slight air leakage which may occur (through the agitator shaft peal

or under the pot 1id) will be inward. (See under ¢2.5, above.) During

. the pot charging or unloading operations, on the other hend, the pot lid

' iE"off and the possibility of 03 dust entering the air of the operating
area would exist except that at this time the special L0O-ft./min. eir
sweey is drewn acrosd. the top of the pot. o T

In like manner, the Drum F1illing Assembly Hood, E-19, i8 provided
with an air sweep system which can be dampered into operation when the
shipping druma are charged with U03 powder.. . - - Ll

‘.- A standard commercisl-type vacuum cleaner system has vesn provided
for use in the case of powder spills. This system will be used es required
for clesn-up in the Pot Room apd around product-handling facilities. (See
Chapter XVII,) SR - R |

1+ is expected that the quantity of o3 dust pasaing per day to the
 Bag Filters will range from 1 to 10 1b. ~The only Justification for re-
_ covery of such'a emall amount of UO3 18 the elimination of the health
hezerd due to. UO3. in the breathing air. Since only 2 or 3 drums of re-
covered Uoi are expacted to De collected per year, gtorage for eventual
recovery W 11 present no problem. _ :

».7 Size adjustment of oroduct (1)

The UO3 product removed from the pots by the. vacum wnlcading system
is preponderantly & very fine powder, but some particle agglomeration
jnto small lumps makes necessary a size ad justment operation to meet the
particle size requirenent of ebout 80% or more through 80 mesh. Maximm
lump size is about 1/15 inch when the Mikro-Pulverizer screch with 1/16-
{nch perforations is used. The expected particle gize epalysis, before
the sizing operation, is epproxinately the following:

20 to 30% through 325 nesh sieve
80 to 90% through 80 uesh sieve
95 to 99% through 4O nesh sieve
100% less then 1/2 inch in diameter.

‘ Although the entire sizing operation is obscured DY the lack of
'_;'eliabha' dats, it would seen that the chief purposc of the operation is
o peduce the size of the relatively few large particles (greater in

sizo 'l':hnn about 40 meeh) so that a nore unifornly sized product is obtained
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elthough the proportion op the total soligs Passing 80 mesh MRy not be
changed appreciably.

A Mikro-Pulverizer 18 provided for the 8izing oberation, It ig
described in detai]l in Cheptor XVIT. The larger marticles of UD3 enter-

The physical aspects of the product-packaging &ysten are described
in detail in Chapter XvrT, The method of Packaging, briefly, is to re-
ceive U03 in tareg 30-gal. druns from a batch-type welgh hopper. The

are located on s scale having an accuracy of *0.] 1b, eand the final

weight ig recorded. Facilities awp Provided for Saupling material ag it |

The U03 drops to the botton of the reaction vesse]l and ig continuously
removed by a 8crew conveyer,

3.2 Drum drying of UNH(9)‘

Conventional drum drying techniques for converting UNH to V03 have

also been demonstrateq On & small scale, The process coneists of forming
UO3 on the outer Surface of a Steam-heateg drum which dips into g concen-

trated urenyl nitrate 8olution ag it rotates., 4 blade Scrapes UO3 from

A Senicontinuous L35 decomposition Process, wherein uranyl nitrate 1g
addeq continuously to a Caleination Pot containing U0z until the pot ig
coupletely charged, has been denionstrated on a laboraéory Bcele at

L DECLASSIFIED
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Hanford(2l) end on & production gcale by the Mallinckrodt Corrpeny . (15) By
maintaining & preponderance of U03 in the reaction pot &t all times, it has

been demonstrated that the extremely viscous stage encountered in the straight
wetch Calcination Pot process cén be by-passgd._
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As mentioned in C1 above, none of the above-mentioped comtinuous or
gemicontinuous processes have been chosgen as the production process since
none were in & aufficient state of developuent at the time final design
effort was required. o

p. rroczpuRe(13)(14)(16)

1. Normal Procedure

1.1 Genersl

~ In the following discussion. of operating procedure, refevence is made
to Figure VIII-1, a schematic and functional presentation. of the wrenyl
pitrate decomposition and U0 product-handling, fecilities. A Metarial
Palance Flowsheet for the celcination procedure and other related operations
18 shown in Figure VIII-2. As indiceted under cz2.l, the nominel instantaneous
production rate of the caleination facility 1s 13-1/3 short tems of urenium

per dey.

1.2 Concentrated feed storage

Concentrated UNE feed solution for the calcinetion Pots 1s received.

in the UNH Melt Storage Tenk, TK.X-19 (working volume &bout 4200 gal.;, from
Product Eveporator E-D-2. A8 discussed in Chapter V1L, Evaporator E-D-2

18 normelly fed with ebout 50, UNE solution by pump prom the UNE Receiver
Tank, TK-C-1 (working volime @bout 3000 gal.). However, the process piping
of TK-C-1 is such that it mey also be used es & feed vessel for the Celeina-
tion Pots if so desired. ‘

The Calcinmtion Pots ere supplied with feed from a loop header which
receives feed, via pump, from %-2-19 (or TK-C-1}. The header discharges
back into the vessel feeding it; it is sloped so that it dreins into the feed
vessel when feed flov is discontinued.

Yince the UNE feed toO the Calcination Pots nas a high froezing point,
both TK-X-19 (by meens of a tank coil) and TK-C-1 (by meens of a tank
ja‘cket) are eguipped to meintain the solution 2t an eleveted temperature.
The loop headeor is steem tracaed or jacketed.

1,3 Uranyl nitrate decomposition

The loop heeder supplying the pots i8 pump-fed at. avout 20 gal. fmin.
from TK-X-19. The pot achedules are overlapped so that @ pot is charged
from the feed loop headar eabout every 25 minutes.
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. The 1id is opened (pot vent valve ¢losed angd Special dust vent
opened) so that the level of liquid charged to the pot may be observed.
After approximately 50 gal. {liquia height ebout 10 in, below the pot
edge) of solution are added, feed flow from the loop heeder is valvea
off, the pot 1lig replaced, the dust vent dampered off, and the pot vent
valved into operation. The temperature of the incoming feed solution

is ebout 230°P. It should be emphasized that the exmct batch size spoci-
fied is in doubt due to uncertainty as to the most desirable urenium
feed concentration. - ‘ ' )

Two controlling thermocouples are used in the electric-furnace Calcina.
tion Pot cycle., The first is located at the outer wall of the pot (between
Pot and furnace) ang measures pot "gkin" temperaturg. The second is lo-
cated within the hollow agitator shaft and more nearly measures the
tempersture of the reaction mass at the center of the pot. During opera-
tion, the pot skin thernocouple is set at 1L400°F. ang automatically mairp-
tains this temperature (by Switching the furnace full on ar full off)
until the temperatupe measurcd by the agitator thernocouple reamches Loo"r,
At this point both thermocouples arc autometically resct: the pot skin

to 600°F. Aan intermediate cooling period (as measured by the pot skin

pot wall until the agitator thermocouple measures 600°F, The furnace is

From a physical point of view, the period during which the reacting
[AE8 is being heated from feed temperaturs to about LOO°F, represents the
Preheating of the charge, The uranyl nitrate deconposition itself is
Substantially eccomplished between 400 and 450°F. in o mazimm of three
hours (the pot wall temperature is maintaineg &% about 800°F. during this
Period). Aftsy decomposition, the povder temperatiure slovly rises until
the shaft.thermocouple reglsters 600°F., the temperature which represents
the end of the drying period apd the end of the heating cyecle. Tt pay be
Possible to operate at higher terperature levels than those irdicated
ebove, If 80, the overall time cycle ray be shortened eprraciably below
the 7-1/2 hour period indicated under C2.1, above. Agitation at about

rev./min. is Provided during the entire preheating, decomposition,
and drying period for the charge.

priate danpering of ihe 8-in. ventilation duct. The special dust vent
is OPened, the pot 11q renieved, and the unicading Pipe inserted into the
Powder rags, Opening of tho slide valve betwoen the unloading pipe and
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 If usuel methods of rerioving powder prove inedequate, & snall anount
of nitric ecid mRy be added to the pot viam a flexible tubing line fron an
acid header in order that the accumulated UO3 encrustation Ay be. dis-
golved and removed as conpletely as desiratle. However, it is expocteod
thet acid dissolution of the oncrustation will not be roquired routinely.
{See under C2.4, above.) The uranyl nitrate solution produged is Jetted
+o Tank TK-X-20 through the seme flexzible tublng line which, after appro-
priate valving, serves as the suction leg for a steen Jet.

1.k Product handling and peclaging

About 31,000 1b./day of UO3 at & density of about 250 1b./fou.ft. ere
recelved from the vecuun unloading header in the Pneunatic Unloading
Cyclone and Bag Filter, X-3. ‘An electric-notor-driven sheking nechanisn
18 provided for the Bag Filter and 18 actuated autometically for & short
period each time Exhauster X-4 is stopped. A rotery valve discharges @
raximm Plow of 3000 1b./ar. of UG3 powder from the Cyclone into a Mikro-
Pulverizer, %-6. (The normel flow will be ebout 1300 1b. /pour.)

The Milro-Pulverizer discharges powder directly into Storage Bin
%-7. The Storage Bin has e 3-day capacity; its botton is cone ghaped with
60 degree sides (nmesgured fron the norizontal) to nininize the bridging
action of powder. The bin discharges into Screvw Conveyer X~-8 which trans-
ports the powder to the Drmm Filling Asserbly, E-19. Powder 18 added to
tared 30.gal. capacity drums, which vest cn & scale while being filled
(about 1000 Ib. of V03 per drum). After veing filled, di'ms are trans-
ferred to another scale which nakes e perranent record of the weight of
the drun. The upward sweep of vertiletion air past the filling nechanisn
and into m hood mininizes the UO3 dust hazard. ‘

The _produ'ct in the sealed 30-gal. druns is conveyed by Gravity Roller
Conveyer E-20 to a loading dock. There the drums are arranged on pallets
(4 to a pallet) and are conveyed to a storage werehouse by & fork-1ift
truck. !

1.5 Ureniw oxide dust-hendling methods

The special exhausting systen (for the Calcination Pots and drun-
£illing esseribly), designed to prevent passege of large quantities of
UO3 dust into the breathing air, is actugted by Exheust Fan X-13. The
dust-containing air isa passed into Continuous Ventilation Bog Filter
%-11 at & rate of about 7000 stendard cu.ft./omin, The Bag Filter i
of the two-coupartuent type to pernit replocenent of begs in one compart-
nant whila the adjacent conpertuent 18 oporating. Filtered alr is drawvn
through Glass Wool Filter ¥-12 before being discharged fron a local steck.

Fach compartuent of the Bag Filter has it5 own dust collaction hopper.
The dust can be discharged through rotery volves to special contaoiners,
anclyzed, ond disposed of accordingly. :
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2. Remedy of Off-Stendard Comditions

2.1 Excesgively high concentrations of U308 in product

: The maximm rernissible concentration of U308 in UO3 hae not been
establishad positively. Any such off-standard condition will be dstected
by routine 8arpling of each drun before shipment. Above-tolerance amounts
of U308 indicate too high a reaction or product-drying tenperature in the
Calcfnation. Pota. ( Conversely, below-tolerance amounts indicate that re-
action temperatures end, hence, reection retes mey be incressed if
desired.)

If the U30g content af the powder is too high, the Calcination Pot
operatiocnal cycles muat be adjusted to operate at lower temperatures.

already processed. High-U308-content meterial may be (a) dissolved in

— nitric acid and the resulting urenyl nitrate solution redecomposed at . a

2 lover temperature or (b) blended with material having a low U308 concen-

= tration to yield a wixture that meets specifications. Both of these

5*‘?% methods are inconvenient. to employ, especially if appreciable quantities

g of powder ere involvegd. -
ok

crs 2.2 Bxcessively high nitrate or moisture content in product

These conditions: will be, detecfed. by routine sampling of sach drum
befors off-plant shipment. Too high a Proportion of nitrate or moisture
indicates an inadequate pProduct-drying cycle after the decomposition

2.3 F_’iﬂure of Mikro-Pulverizer 8creen.

replacement of the,Mik:o—Pulmrizer gcreen. -‘Batchgs. already Processed,
it far out or Specifications, my be recycled to the Mikro-Pulverizer
after the Screen hes been replaced.
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~ A. PROCESS DESCRIPTION

1. General

The uranyl nltrate calcination process, previously described in
Chapter VIII, is eccompanied by the evolution of large quantities of
nitrogen. oxides. Calcipation. of Redox apd TAP Plant urenium product
gtreams at & rate equivalent to 13 tons of metal. per day will evolve
ebout 58,000 cubic feet.per amy (STP) of nitrogen oxides swhich are re-
caverable, Cooling of tuese oxides and absorption in veter results in
a recovery of 17 tons Der day of 40 to 459 nitric acid. This weak acid

centrated to ebout 60 to 61% HNO, for cventusl reuse in waste metel dis-
golution. This recovery of mitrogen- oxides &g nitric acid results in a
raw meterial cost saving of epproximately $15C ,000 per year (300 days)

at curremt acid prices of cbout 548/ ton (60% ENO ). This chapter covers
the description and operating procedure of the acid-recovery process.
Equipment details are descrived in Chepter V0,

2. Nitric Oxide oxidetion

Recovery of the pitric acid is accomplisazd in the Gas Cooler,
E-A-2, and the Nitric Absorber, T-A-1l, which are located in A Cell of
oph-U Building. (See Figure I¥-1.) The geses nandled by the acid-
recovery system are 1ibersted during the tiermal decomposition of uranyl
aitrate to uranium trioxide, which proceeds eccording to the equation:

U0, (NO3) 5 273°-390 5 yoq + 1,868, + 0.1k T+ 0,570 ..+ +(2)

Ap the geseous products ars coaled, nitric oxide (NO) begins to Te=
act with excess OXygen (from reaction plus pot 1eakage) to form the pexr-
oxide.

ENO + 0’2“""‘";2N02.|oocﬁuoo--ol-o-(2)

Reaction (2) is not gengibly reversible at temperatures under 150°C. The
rete of reaction petween nitric oxide and orygen is unusuel in its tem-
erature dopendcnce ipn thet it-hes a negatie e era?ure coefficient;
.e., the cooler the geses the faster ther react. 1,2 This reaction
rete is.expressed mathematically by the ejquation. '

- a grro) =k (0)2 (%),

in which k is & constont ot ony fixed tempcraturec. The equation states
that the rate of convorsion of nitric oxide +o nitrogen peroxide 1s pro-
portional o the squarc of the nitric oxide concentration and the first
power of the oxygen concentration. AS gtated above, the rate increases
with decreasc of temperature. The veluc of the reaction rete cons‘tg)i:t s
k, increases sbout 10 per cent for each 10°C. drop in tempeorature.
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The: following teblc lists several approximnte values of k at typical

temperatures: ¢

Temperature, “C.

25
50
86

‘Nitrogen peroxile formed by the- oxidation of nitric oxide exists as

two molecular species » 30, and 1\1201,_. These two species come to Practically

instantoneous equilibrium, cs expresgsed:
ENOE == Naoh

The equilibrium constant, Kiu s {5 a function of thce temperature,

The following teble lists several cpproximete values of Ky et typical

temperatures: (3

Temperature, °C.

10 26.5
254'1 N 7.8
. T& T ; Oo28
3:.. Nitroge:'i. Perozide Absorption
L ,, r N *3N0F2+%0 :EHN% + NO-‘.-----oJ{;;‘o.-o(ll')

ST e

o d .
LA

between ni;brugeni

K Atmospheres )~

peroxide and weter to form nitric acid nesumes that the

- __ﬂ:ﬁvﬂhﬁ:_‘,gwur..}

k, (Mm.02)"20in, ) 1

26
17
13

--.o-v.té--owo----'-(3)

active species is NG, znd +xe B0} is- inert, 1204 dissociates to restore

(Reaction ( 3‘} as 0.

 This ‘er?giélaio.q‘ ey b3 cousidered the product of the two partiel con-,
_'Btant?; h+f;.;,-w‘;ﬁ-”if_qufl,';ff f 7-‘I: - : . | ' ‘ -




pressures. of nitrlc acld and woter vepor are obviously constant, so that
the equilibrium between nitrogen oxt%?s and nitric acid solution may be

expressed by the partial constant
K3 - ;NO! .
(§O,)

The volues of Kz are such that the lower the temperature the more the
equilibrium is displeced towerd HNO,. The values of also decrease with
extreme rapldity as the concentratign of nitric acid in the liquid phase
inereases. The following table, listing & few K3 velues as a function of
temperature end acid concentration, illustrates both of theso pointas: (3)

Weight % HNO Temperature, °C. X3 gAtmosgheres['a

) 25 79,500,000

5 50 7,950,000

5 tpa 851,000
25 25 178,000
25 50 . : 12,300
25 _ T3 1,070
50 25 : 456
50 50 o
50 [ 5.1

At ordinery temperetures the partial prossure of nitric oxide in eyuilib~
riugm with nitric acid much above 4O to 50 per cent strength ie so small
that Reaction (4) practically stops unless 2 high pertial pressure of
oxygen is maintained and a long time allowed for the reactions. The rate
of.. absorption to form HNO, is so ropid that the nitrous gases are at
0ll timea substantially in eqﬁilibrium with the liquid, and the absorption
may proceed only as the nitric axide present in the gos reoxidizes. The
NO —»NO, oxidation proceeds at a rate of about 1270 mm, Hg/min, (ot 40°C.
ond an oxygen particl pressure of 150 mm. Hg) if the initial NO partiel
pressure is cbout 65 mm. Hg., and ot only about 0.3 mm. Hg/min. at on
initial NO partial pressure of 1. mm.Hg, By use of the equilibrium con-
stants Ky and K, for Recctions (l) end (3) ond the rate constent, k, for
Reaction”(2) it is possible to calculote equipment sizes required fgr ?b-
sorption of o known quentity of nitrogen oxides per unit of time. T
Voelues of K, hove been determined for a%l)acid strengths up to 65 percent
HR03 and togperntures from 10° to 75°C. 3

4, Equipment Design Considerations

Theoretical considerctions show that ot ctmospheric pressure o long
residence time for the gas volume is required to produce high strength
acid; i.e., Reaction (2) is controlling instced of Recction {4). The
equipment must be designed, therefore, to allow time for the reoxidation
of the nitric oxide liberated during the absorption of the nitrogen per-
oxide, Ecrly absorption prcctice mode use of as many as eight,
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ant stainless steels. The bubble-cap unit provides a series of graded
acid strengths essential for efficient absorption, In addition, cooling
can te applied on each plate ang sufficient volume holdup between Dlates
can be designed into the column to suit the conditions of time and temper-
ature required for the nitric oxide reoxidation, ‘

The plant Nitric Absarber,, P-a-1, i5 a 20-pubble-cap tray, h4-1/o
Tt. diameter tower with plates spaced on 18-in, centers. The unit ig
described in more detail in Chapter XVI, The Nitric Absorber is design~
ed so that the gasedus-phase residence time between Plates is about 8

- 8econds, under the coaditions 11llustrateq by Figure IX-1, TIf a 3% con-

°xides in the gages leaving the absorber is about 0.2 weight per cent.

The liquid holdup time per plate at design flow rate of condensate
to the Absorber (1.25 gel. /fmin.) 1s about 10 minmutes per plate,

The total heat evolved in the absorption of NO, in water to form
nitric acid is about 18,000 B.t.u./mole of No {about 104,000 B.t.u. /hr,
on a 13-1/8 tans op urenitm/dey basis). The feat is removed by cooling
C¢Oils provided for some of the Plates. The coils pass through the liguid
held up .on the plates. Water eénters the coils at about 75°F. and leaves
at about 85°F. Sufficient coll arca is provided so that the temperature
of the liquid on any tray does not exceed 100°F. {ictually, tray liquid
temperature verieg from about 75°F. ot the topmost tray to 100°F. on the
bottom trays.)

The rate of NO, absorption in the Nitric Absorber under fiowgheet
conditionsg, op illustrated in Filgure IX-1 (except that no NO, is assumed.
to be removed in the Gas Cooler, E-A-2)}, is summarized, approximately, in.
the following tables

Per Cent of Total Acid

Plate Number Formed in Nitric Absorber

1 (Bottam) About 30

2 20

3 i 15

4 10

5 7
10 : 1l

15 0.1

20 0.05

5. @Gas Cooligg

Before the gaseous products from the calcination Process enter the
bubble-ca.p column they are coogled from a temperature which Ay range ag
high as 500°F, to about 85°F, in the Gag Cooler, E-A-2. The hot entering
g2ses consist of about 55 volume % water vapor, 17 N0, 1.3 No, 542% 0p,
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20f air, and 1.3% BNO;.’ During the cooling opsration most of the weter is
ro,

condensed and some ni

gen peroxide is absorbed in the condensed molsture.

The condensate consists of sbout 42k nitric acid. Tt leaves the Gas Cooler
and eventually joins the acid stream issuing from the base of the Nitric
Absorber, T-A-1. The exit gases leaving the Cooler oconsist of esbout 3
volume % weter vapor, ¥ NOp, 166 NaOL, % Op, less then 1% RO, and 65 air.
The Gas Cooler is & water-cooled, £inned-tube heat exchanger with the gases
in contact with the extermal longitudinal fins. Ixternal fouling of this
type of heat exchanger has less affect on the heat-transfer capacity of the
finned surfaces as compared to bare tubes. The £ins alsc provide turbulence
to the gas flow in the laminar-flow regicn and increase the fin-side heet-

transfer coefficients. b

About 2500 sg. £t. of cooling surface (1including the fins) are provided
in the Gas Coolsr. EHEstimation of overall heat-transfer coefficients (U)
to be expected in the Cooler is difficult bacause of the many operations
(cooling of a gas of varying composition, condensation of some of the gase-
ous components, and cooling of the conjensate) involved. However the U
factor for the gas.cooling mey renge from 4 to 10 B.t.u./(kr.)(8q.£t.)
(°F.), while for the condensation it may range Prom 150 to 250 B.t.u./(hr.)

(8q.2%.){°F.). .

B. PROCEDUHE

1. YNormal Procedure

The gas from the uranyl nitrete decompusition pots is carried through
a duct to the acid recovery system by meens of a duct--pressure-controllad
gteam Jet located at the top of the Nitric Absorber, T-A-1 (see Figure IX-1).
Initial cooling of the gas to about 85°F., before ebsorption, is accomplish-

ed in the Gas Cooler, E-A-2, where wa
nitric acid.. The gas Cooler alsc pro
of nitric oxide to nitrogen peroxide

ter is condensed and removed as dilute
vidas space and time for the oxidation
(Reaction {(2)) to approech completion.

Contraction of the geses in the Ges Cooler under steady-state conditions
gweeps the decomposition geses yowards the rocovery system, and the nitric .
abscrber jet relays the gas volume from the cooler through the absorption
column. The cooled gas is introduced at the bottom of the Nitric Absorber

and passes upward through the bubble

caps located on the plates in the

Absorber. Process steam condensete is added at & controlled rate to the
top plate of the Absorber end flows dowrward through the Absorber ocunter-
current to the direction of the gas flow. The nitrogen paroxides are thus

absorbed in the weter to form dilute

nitric acid in the topmost plates,

with the concentration increesing {ncrementally to about 4O to 454 on the
bottom plate. Acid flows from the bottom of the Absorber inté the Bleacher,
P-C.6. The weak Bcid condensatos from the Gas Cooler, which contain traces
of uranium nitrate from decomposition pot cntraimment, Join with the Ab-
sorber Acid before entering the Bleacher. Atmospheric air 18 aguitted to
the Blescher to scrub out dissolved nitric oxide in, the acid stream. This
air may be used to make up any oxygen doficioney required in the Nitric

Absorber for nitric oxide oxidation,

of by-pessad around-the Absorber to

the stack, should the volume required for bleaching exceed that required
for oxidation. The bleached acid flows to the Nitric Coolor, TK.-C-3, from

: ef}.“ﬁ? 3t
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which tenk it is Pumped at a comtrolled rate to the ndtric ecid Frection-
- ators, T.B-b and T-D-4, for concontration to 80 to 614 strength, This
acid is sent to the waste metal removal facilitias and used to dissolve
metal wastes, Water-cooled coils ére located on the bubble-cap plates

" in the Nitrie Absorber to. remove the heat of formation of the nitric acid

(ca. 18,000 B.t.u. per 1b, mole NOp absorbed), The vater from these coils
18 reused in the Gas Coolar before being sent to the retention basin,

4 material balance flowsheet i‘or the acid recovery opérationa is
shown as paprt of Figure VIIT.2.

A smell amount. of entrained wranium (about: 3 1b./dey as UNB} is ex-
Dected to enter the acid recovery system via the decomposition Pot gases,
(See Pigure VIII-2.) About 2 1b, enters the dilute acid formed in the
Gas Cooler: the remaining 1 1b, is found in the dilute acid Product from
the HNO; Absorber. As shown in Figure VIII.2 ; the UNH content in the
604 acig product (from both product concentretion and nitrogen oxide
absorption scurces) ig about 0.12 wt. 4, Thig 50% acid is utilizeq in
dissolving wanium slurry removed from underground.

2. Remedy of Off-Standarq Conditions

2.1 High chloride content in Abscrber

The trace quantities of chlorides » introduced to the Nitric Absorber

through the condensate feed wveter or by way of the decomposition pot geses,

the high local concentration of chlorides. The Tscommended practice 4s
to purge the column vhenever the chloride concentration reaches 0,05%

in nitric acid of the aforementioned concentration. Thig is accomplished

by sampling the Absorber at those plates containing nitric acid of this

the chlorides oyt through the bottom of the Absorber. This method resylts
in & momentery furge of week product acld, but the Absorber can ba brought

back to normal corditions reedily by reducing the water feed until the

chloride removal » 8ince the plates ape not completely dreinable,

2.2 High nitric oxide content in seid

The presence of dissolved nitric oxide in the Absorber acid 1s made
evident by the orange-yellow or greenish color of the acid. It is desir-
able to mmintain the dissolved oxides at g minimum, since they represent

et - DECLASSFED ey
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a loss and cause subsequent fuming whenever the acid is hm . A dls-
solved oxide content of 0.7 (below which the acid is substentially color-
less)} or less is not comsidered objectionable. The concentration of dis-
solved oxides is e function of the gquantity and temperature of the air
entering the Bleacher. This air flow should be regulated, as required, to

meintain about 5% excess oxygen in the Absorber exhaust. Should more air

be required to effect good bleaching, the bypess iine from the Bleacher to
the stack may be used so as to prevent overloading of the Absorber with ex-

cess Bleacher air.

The HNO, content of ths 40% acid is small (probably considerably less
than 0.1%). The greater portion of ‘the small concentration of HENO, pesses
overhead {either dissolved in condensate or out with non-condensibles in
the Fractiopator). HNOp concentrations up 4o 0.1% may be tolerated in the
recovered acid.

2.3 Higg nitric oxide content in stack gas

The présence of excess nitric oxides in the gtack gas, as evidenced
by orange-red coloretion, represents a recovery loss and & hazard to per-
sonnel working in the jmmediate area. The saveral possible causes and

‘yemedies for this condition are discussed below.

(a) Insufficient air admitted to the sbsorption system, either by
way of the ‘decomposition pots or the Bleacher, will result in
high stack losses. Since oxygen is required for the efficlent
absorption of the nitrogen percxide,. en oxXygen deficiency will
result in nitric oxide being discharged to the stack.

(b) The tower and condensate foed water temperatures influence the
atack loss to a large extent. Ingsufficient cooling water
through the plate cooling colls results in an adverse condi-
tion for nitric oxide oxidation and absorption. Werm. feed
water introduced at the top plate of the Absorber will have
the same effect.

(c) Insufficient feed vater to the columm will result in e rise in
acld concentration with & corresponding decremse in absorption
efficiency and increased stack loss.
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